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S U M M A R Y
T h e  th e s is  is divided in to  th r e e  p a r t s .
P A R T  I#
T h e  b a s e -c a ta ly s e d  is o m e ris a tio n  o f  h e p ta - i ,  6 -d iyn e  
to 'to lu e n e  has been in v e s tig a te d  using a v a r ie ty  o f  b a s e -s o lv e n t  
s y s te m s . T h e  b e s t re s u lts  w e re  ob ta ined  by re flu x in g  th e  
diyn© w ith  a 10$ so lu tion  o f  po tassium  t-b u to x id e  in d ig lym e.
A  num ber o f  s t r a ig h t  chain d iace ty len es  have been p re p a re d  and 
a ro m a tis e d , by th is  m e th o d , to  isom eric  m ix tu re s  o f  m ono- and
o—d is u b s titu te d  benzenoid h ydrocarbons  in which th e  m o st 
s y m m e tric a lly  s u b s titu te d  o -is o m e rs  p re d o m in a te d . T h e  re a c tio n  
is g e n era l f o r  th is  ty p e  o f  d iace ty len e  and th e  a ro m a tic  m ix tu re s  
w e re  o b ta in ed  in 6 0 -7 0 $  y ie ld . T h e  m acro c y c le , c y c lo te tra d e c a -1 ,  
8 -d iy n e , and th e  d ienyne, o c ta d e c a -9 , 12 -d ien -6 -yn o ic  a c id , also  
a ro m a tis e , b u t n o t th e  te t r a e n e ,  e th y l a ra c h id o n a te .
A  m echanism  involving in te rn a l D ie ls -A ld e r  cyc iisa tio n  o f  a  
conjugated a llen e-d ien e  in te rm e d ia te  is  s u g g es te d . A n  em pirica l 
m ethod o f  c o r re la t in g  th e  s t r u c tu r e s  o f  iso m eric  o -d ia lk y l 
benzenes to  th e ir  G . D . C .  r e te n t io n  t im e s  is  p u t fo r w a r d .
P A R T  I I .
I ,  2 ,  5 ,  6 -  T e tra b ro m o c y e lo o c ta n e  has been 
d e h y d ro brorn inated  w ith  po tassium  t-b u to x id e  in diglym e to  
a m ix tu re  o f  isom eric  hyd ro carb o n s  contain ing mainly 
b en zo cyc lo b u ten e , s ty re n e  and a compound believed to  be 
bicyclo o c ta -1 , 3 9 6 - t r ie n e .  C y c lo o c ta te tra e n e  and
an unknown compound a r e  p re s e n t in t r a c e  q u a n tit ie s  o n ly .
T h is  c o n s t itu te s  a new  tw o  s ta g e  syn th es is  o f  benzocyclobutene  
f ro m  re ad ily  availab le  s ta r t in g  m a te r ia l.
C y c lo o c ta te tra e n e  has also been isom erised  un der th e  
sam e basic conditions to  th e  sam e isom eric  m ix tu re  as t h a t  above# 
A n  ad d itio n a l co m p o n en t, th o u g h t to  be bicyclo [4 .2 .0 ^  o c ta -2 ,
4 ,  7 -  t r ie n e ,  is also p r e s e n t .  T h e  r e la t iv e  am ounts  o f  th e s e  
com ponents a r e  dependent on th e  re a c tio n  te m p e ra tu r e . T h is  
is th e  s im p le s t syn th es is  o f  benzocyclobutene y e t  devised and 
th e  y ie ld  com pares fa v o u ra b ly  w ith  th o s e  obta ined by o th e r  ro u te s .
P A R T  I I I .
T h e  s te re o  m u ta tio n  o f  cis to  t ra n s -u n d e c -4 -e n e  during  
h yd ro g en atio n  o v e r palladium  c a ta ly s t  has been in v e s tig a te d , and 
th e  e x te n t  o f  s te re o  m u ta tio n  re la te d  to  th e  c a ta ly s t  c o n c e n tra tio n . 
T h e  h yd ro g en atio n  o f  c is -u n d ec a -1 , 7 -d ien e  has also been s tu d ied .
PART' 1
T H E  A R O M A T IS A T IO N  O P  D IA O B T Y L E J N E S .
TUP
IN T R O D U C T IO N
S in c e  i t s  d isco ve ry  in 1866 by B e r th e lo t ,*  th e  
p o ly m e ris a tio n  o f  a c e ty le n e  ( l a )  to  benzene (2 a )  a t  re d  h e a t  
has rem ain ed  th e  f i r s t ,  possibly th e  m o st ta n g ib le  and c e rta in ly  
th e  m o s t easily  rem em b ered  re a c tio n  o f  a c e ty le n e  p re s e n te d  to  
c h e m is try  s tu d e n ts . T h e  reaso n  f o r  th is  is  p robab ly  th e  
s im p lic ity  o f  i t s  fo rm a l re p re s e n ta t io n  which easily  encom passes  
th e  analogous re a c t io n s , d iscovered  by F i t t i g 2 and A ld ed in g en ,*  
o f  th e  h ig h er homologues m eth y l ( lb ) and d im e th y la c e ty le n e  ( lc )  
to  m es ity le n e  (2 b ) and h e x a m e th y l benzene ( 2 c ) ,  re s p e c tiv e ly .
T h e s e  p o lym erlsa tio n s  rem ained  f o r  many y e a rs  th e  only  
exam ples o f  a ro m a tis a tio n  o f  a c e ty le n e , o r  sim ply s u b s titu te d  
a c e ty le n e s , u n til th e  t re n d  f o r  chem ical s o p h is tic a tio n  led to  th e  
d isco ve ry  o f  S ie g le r  ty p e  c a ta ly s ts  which could ‘condense* th e  
t r ip le  bonds to  th e  c a ta ly s t  s u r fa c e , th e r e  po lym eris ing  under  
v e ry  mild co n d itio n s .1* T h e  uses o f  th is  e leg an t techn iq ue  have
been re v ie w e d  by S e is s ^  and th e  p e r t in e n t  exam ple o f  th e  
t r im e r is a t io n  o f  d im e th y l a c e ty le n e  ( lc )  to  h e xa m e th y l benzene  
(2 c )  o v e r a  tr ip h e n y l chrom ium  c a ta ly s t  in te t ra h y d ro fu r a n  is  
explained by s te p w is e  re p la c e m e n t o f  th e  te t r a h y d ro fu r a n  ligands 
in (3 )  to  fo rm  th e  * t  e t  ram eth y lcyc lo b u tad ien e* m e ta l comples (4 )  
which can th e n  undergo an e x te rn a l D ie ls -A ld e r  add ition  o f

dim e th y l& cety ian e  giving (2 c )  * A  p a rtic u la r ly  good illu s tra tio n  
o f  th e  chem ical p o te n tia l o f  th is  ty p e  o f  c a ta ly t ic  p o lym erisation  
Is  fu rn ish ed  by th e  tr im e r is a t io n  o f  v iny lacety lene  (5 )  to  1, 2 ,  4 -  
o r  1, 3 ,  5 - t r iv in y l benzene9 (6 )  and (7 )#  a t  -10° o v e r  
t r i is o  b u ty la lu m in iu m /titan iu m  te tra c h lo r id ®  /
C u r r e n t  in te r e s t  In carcinogenic compounds led B ad g e r  
and his colleagues ? to  in v e s tig a te  th e  t a r s  coproduced w ith  
benzene in B e r th  elot*s  po lym erisation  o f  ace ty len e  a t  red  h e a t*
T h e y  found , besides benzenet a wide a r ra y  o f  a ro m a tic  
hydrocarbons including to luene , o *  xy lene , s ty re n e , n aph tha lene , 
v f lu o re n e , p h en an thren e and many po lynuclear a ro m a tic  h ydrocarbons*  
Compound® o f  th is  l a t t e r  ty p e  have been encountered  by 
Sondheim  o r in his s ig n ific a n t re s e a rc h  in to  m &croeycllc po iy-ynes  
and po iy -en es* T h u s  th e  m acro cyclic cy cloo c ta d  ecah exay ne ( 8 ) 
and cyc lohexadecad ien te trayne  (11), obtained by ox id ative  coupling 
o f  th e  corresponding d iynes , give trip h en y len e  (10) ® and 
10-diphenylsucclnden@ (1 2 ),*  re s p e c tiv e ly , when t r e a te d  w ith  
s tro n g  b ase , In  th e  fo rm e r  case , th e  re a c tio n  is believed to  
go by base—cata lysed  iso m erisa tio n  o f  (8 )  to  th e  n an -p lan ar  
1,3*7*9*13*15—c is -h e x a e n e -5 ,11,17—tr ly n e  ( 9 ) ,  a  model o f  which shows 
t h a t  C ( 6 )  is  d o s e  to  C ( U ) ,  C (12 ) to  G (1 7 ) , and C ( 8 )  to  0 ( 5 ) *  
T ra n s a n n u la r in te ra c t io n  acro ss  th e s e  positions is  th e n  suggested  
as a like ly  p a th w a y  to  tr ip h en y len e  (1 0 ), A  s im ilar a rg u m en t can
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be applied to  th e  fo rm a tio n  o f  th e  succindene.
A  f u r t h e r  iso la ted  example o f  th e  a ro m a tis a tio n  o f  
acety len es  comes fro m  th e  unlikely source o f  s te ro id  c h e m is try . 
Much evidence 11 has indicated t h a t  th e  fo rm ic  acid induced 
iso m erisa tio n  o f  e thyny l carbinols leads a lm o st e n tire ly  to  th e  
o( ,> f t  — u n s a tu ra te d  m eth y l ke to n es  by in it ia l d ehydra tion  fo llow ed  
by h y d ra tio n  o f  th e  conjugated e thynyl grouping. Thus
1-ethynylcyclohexanol (13) gives in itia lly  1-ethynylcyclohexene (11+) 
which h y d ra te s  to  th e  -u n s a tu ra te d  m eth y l ke to n e  (1 5 ).
In  an a t te m p t  to  in tro d u ce  a m eth y l k e to n e  in to  r in g  D  o f  a 
s te ro id  by th is  m eth od , H a rd e g g e r found t h a t  a  1?p  -h y d ro x y  
-17 — e th yn y lan d ro sten e  (16) gave n o t th e  req u ired  k e to n e  (17)»
b u t presum ably by d ehydra tion  w ith  c o n c u rre n t m eth y l m ig ra tio n , 
r in g  expansion and a ro m a tis a tio n , an a ro m a tic  rin g  D (1 8 ) .  
vJacques 1* found e x a c tly  th e  same re a rra n g e m e n t in th e  pregnane  
s e r ie s , and suggested t h a t  th e  mechanism involves a series  o f  
W a g n e r-M e e rw in  rearran g em  e n ts  •
In  connection w ith  th e  h y d ra tio n  o f  1 -ethynylcyciohexene, 
L e v in a  15 d iscovered in 1938 t h a t  th is  and th e  re la te d  
ethynylcydoh exane bo th  gave a  high yield o f  e th y l benzene when 
h e a te d  o v e r a  p latinum  c a ta ly s t  a t  2 0 0 ° •
T h e re  rem ains one o th e r  example o f  th e  a ro m a tis a tio n  o f  
an acety le n ic  d e r iv a tiv e  described in th e  l i t e r a t u r e ,  and since i t
(hc 3 C .C Hâ a CHCOjH (Hi C.CO.C «a) 4 C HCC^H
M  fa )
OH
cq̂ H <=-— (h&c.c » c h ) 2 c h c c^h
4
provides th e  fo u n d atio n  o f  th e  p re s e n t w o rk  , w ill be d e a lt w ith  
in g r e a te r  d e ta il .  In  190y , P e rk in  and S im o n sen ,16 th e n  
in v e s tig a tin g  approaches to  cyclopropane, d iscovered t h a t  
condensation o f  1 ,2 ,3 -tr ib ro m o p ro p a n e  w ith  d ie th y l m alonate gave 
besides th e  expected  p ro d u c t, t  -b ro m o ally l m a lo n ate , a small 
q u a n tity  o f  high boiling e s te r  believed to  be , Y -d ibrom odia lly l 
m alonate  (19) • H yd ro lys is  o f  th is  e s te r  gave a mono c a r boxy lie  
acid* -rn -to lu ic  ac id , m .p * 47°» to  which th e  s t r u c tu r e  o f  
d ip ro p arg y l a c e tic  acid (2 0 ) was assigned, on th e  basis t h a t  th e  
acid analysed f o r  C g H g O g , gave copper and s ilve r s a lts , and was 
in s ta n tly  oxidised by alkaline p erm an g ate  solution* T h is  acid  
possessed th e  unique p ro p e r ty  o f  being easily isom erised to  
m -to lu ic  acid (2 2 )  j boiling w ith  w a te r  o r  d ilu te  sulphuric f o r  tw o  
h o u rs , and hydrobrom ic acid w e re  e f fe c t iv e ,  b u t n o t h e a t alone* 
P e rk in  proposed th e  unlikely re a c tio n  scheme shown involving  
condensation o f  th e  in it ia l h yd ra tio n  p ro d u c t, d iacetonyl a c e tic  
acid (21) .
A  num ber o f  fa c ile  hyd ra tio n s  and cyclisations o f  acety len ic
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compounds is known • Kon and E v e r e t t  have re p o r te d  t h a t  
a tte m p te d  p u r if ic a tio n  o f  h e p ta -1 , 6 -d iyne  (2 3 )  v ia  th e  m erc u ry  s a lt ,  
(m e rc u r ic  iodide fo llow ed  by hydrochloric  acid and s team  d is t i lla t io n ) ,  
led to  high yields o f  th e  u n s a tu ra te d  ke to n e  (2 4 ) • K e to n e s  shown
to  be (2 ? ) and (3 0 ) w e re  also obtained fro m  o c ta -1 , 7-d iyne (2 6 )
f  <=* 1 >•
and nona-1, 8 -d iyn e  (2 9 ) , re s p e c tiv e ly . Compounds (2 4 ) and
(2 7 ) had previously  been obtained by th e  ac tio n  o f  40$ alkali on 
#
h e p ta —2 , 6—dione (2 5 ) and o c ta —2 , 7—dion© ( 2 8 ) ,  re s p e c tiv e ly .
T h e  conversion o f  ̂  - m -to lu ic  acid in to  zn « to lu ic  ac id , 
h o w e v e r , rem ains  a singular reac tio n #  R e c e n tly  tw o  groups o f  
F re n c h  w o rk e rs  have described th e  p re p a ra tio n  o f  d ipropargyl 
a c e tic  acid (2 0 )  and i t s  d e r iv a tiv e s , and a num ber o f  closely  
re la te d  ac id s , ke to n es  and e s te r s .
G audem ar obtained (2 0 ) fro m  a condensation b e tw een  
a c e to a c e tic  e s te r  and 1-brom oprop—2 -y n e . A  s im ilar condensation
w ith  malonic e s te r  gave a 50$ o vera ll yield o f  ( 2 0 ) ,  and in ad d itio n , 
d ipropargy l malonic acid (31) • D eca rb o xy la tio n  was found to  occur  
easily w ith  th is  a c id , b u t th e  p ro d u cts  w e re  n o t id e n tif ie d .
Colonge and Gelin have described th e  re a c tio n s  o f  (3 2 ) and 
(3 3 ) shown on th e  opposite  page# R e a rra n g e m e n t involving an  
allenic in te rm e d ia te  is p o s tu la ted  f o r  th e  la t t e r  re a c tio n  and f o r  
th e  fo rm a tio n  o f  m -to lu ic  acid fro m  th e  e s te r  (3 4 )#
D ip ro p a rg y l a c e tic  acid ( 2 0 ) ,  m .p . 4 5 *5 °»  obtained in 
high yield by B  g lin t on (unpublished) by th e  ro u te  shown fro m  th e  
condensation o f  p ro p arg y l brom ide and d ie th y l m a lo n a te , was  
reco ve re d  unchanged fro m  t r e a tm e n t  w ith  boiling w a t e r ,  boiling 
10$ sulphuric acid o r  hydrobrom ic in acetic#  S im ila r ly , re flu x in g  
w ith  m ethanolic  potassium  hydroxide had no e f fe c t#  T h u s , d esp ite
( C H a C C H ^  c C c O a E t ) *  (  S 2 % )
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th e  s im ila r ity  in m elting  p o in t* i t  seemed unlikely t h a t  ^  —m—to lu ic  
acid was in f a c t  d ipropargyl a c e tic  ac id .
T h e  problem  rem ained in trig u in g * and B g lin ton  and H a rk in
in 1955 t r ie d  to  re p e a t  P erkin*s  orig inal r o u te . T h e  exp erim en ta l
d e ta ils  given by P e rk in  f o r  th e  cruc ia l s te p , th e  hydrolysis  o f  th e
dibrom o d ie s te r  {19) a re *  h o w ever* p a rt ic u la r ly  vague, and nothing
approaching -rn -to lu ic  acid was is o la te d . T h e y  d id , h o w e v e r,
d iscover t h a t  d ipropargyl a c e tic  acid (2 0 )  could be easily isom erised
In high yield to  m -to lu ic  acid by simply re flu x in g  th e  acid w ith
potassium  hydroxide in e thy lene  glycol o r  w a te r .  C ontinuing along
21
th e s e  lin e s , B g lin ton  and R o sen fe ld  obtained spectro scop ic  
evidence which supported  t h a t  th e  simple hydrocarbon  p re c u rs o r ,  
h e p ta -1 , 6 -d iy n e , w as isom erised to  to luene w ith  \0% potassium  
hydroxide in e thy lene  glycol f o r  fo u r  hours a t  120°, and i t  was a t  
th is  p o in t t h a t  th e  w o rk  described in th e  proceeding pages was begun.
CHz 8r. CH8r(CH2)gC0aH 
(ai)
C(CHZ), COa H +  CH3 C = C (C H ^  CO*. H
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D IS C U S S IO N
T h e  fa c ile  iso m erisa tio n  o f  both  d ipropargy l a c e tic  acid  
and h e p ta —1* 6—diyne w ith  s tro n g  base , im m ediate ly  suggested t h a t  
some ty p e  o f  b a s e -c a ta ly s e d  p ro to tro p ic  re a rra n g e m e n t was  
o perating#  T h e  f i r s t  o b jec t o f  th is  w o rk  w as th e  es tab lishm ent 
o f  th e  b e s t conditions fo r  th is  re a c t io n , which in tu r n  demanded 
a know ledge o f  th e  basic system s previously  used in an ionotropic  
re a rra n g e m e n ts  •
B a s e -c a ta ly s e d  iso m erisa tio n  o f  acetylenes#
T h e  iso m erisa tio n  o f  acety len ic  hydrocarbons under alkaline
cond itions, a much eas ie r p rocess th a n  t h a t  f o r  th e  corresponding
22o le f in s f w as d iscovered by F a v o rs k ii in 1888. H e  found t h a t  
t r e a tm e n t  o f  b u t- l-y n e  (3 5 ) w ith  potassium  ethoxide in ethanol 
gave a high yield o f  b u t-2 -y n e  ( 3 6 ) .  I t  was th e r e fo r e  n o t  
surpris in g  when K r a f f t , 2̂  severa l y e a rs  la t e r ,  found t h a t  some 
undec- 9 -yn o ic  acid (3 9 ) was produced in a p re p a ra tio n  o f  
undec-10-ynoic acid (3 8 )  involving elim ination o f  hydrogen brom ide  
fro m  10, U -dibrom oundecanoic acid (3 7 ) w ith  alcoholic hydroxide a t  
ISO®#
W hen i t  w as rea lised  t h a t  th e  p rod uction  o f  conjugation  
w as an im p o rta n t f a c to r  in th e  troub leso m e fo rm a tio n  o f  colour 
in f a t t y  acids and o ils , th e  food in d u s try  sponsored in ves tig atio n s
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in to  th e  processes involved, paying p a r t ic u la r  a t te n t io n  to  th e
alkaline sap o n ifica tio n  s tep  so widely used in th e  in d u s tria l
p rod uction  o f  many essen tia l acids and o ils . T h e s e  in vestig atio n s
showed t h a t  alkaline hydroxide solutions in alcohol o r  w a te r  w e re
e f fe c t iv e  a t  high te m p e ra tu re  ( e .g ,  ca* 2 2 5° in th e  l a t t e r
c a s e ) , w hile solutions in glycol fa c il i ta te d  corrugation a t  lo w e r
te m p e ra tu re s *  Th us linolenic acid (4 0 )  read ily  fo rm s  10, 12, 14 -
o c ta d e c a trie n o ic  acid (41) in a boiling solution o f  25$ potassium
2%
hydroxide in glycol*
A lk a li m e ta l c a ta lys is  o f  o le fin ic  iso m erisa tio n  j generally
slow  below 100°, is e x tre m e ly  e f fe c t iv e  i f  th e  m e ta l is d ispersed  
26
on alum ina* A  v e ry  a c tiv e  c a ta ly s t is produced in th is  w a y ,
and iso m erisa tio n s  occur a t  much reduced te m p e ra tu re s , fo r
exam ple, bu t-l-@ ne is isom erised to  an equilibrium m ix tu re  o f
27
cis— and t r a n s - b n t~ 2 -e n e  o ver sodium on alumina a t  — eG °, while
28
pen ten e  gives th e  analogous re a c tio n  a t  3 0 °  • CJnconjugated
dienes a re  rap id ly  conjugated, and cyclic dienes a re  n o t only
iso m erised , b u t dehydrogenated fo rm in g  a ro m a tic  system s a t  room
te m p e ra tu re *  T h e  s u rfa c e  a re a  does n o t account f o r  th e
27
c a ta ly s t  a c t iv i ty ,  and th e  suggestion is t h a t  th e  a c tu a l c a ta ly s t  
is fo rm e d  by re a c tio n  o f  th e  o le fin  w ith  th e  sodium on th e  alumina 
s u r fa c e ;  a p p a re n tly  a com bination o f  s u p p o rt, ionic and m eta llic  
sodium is n e c e s s a ry . S u rp ris in g ly  th is  m ethod has n eve r been
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used f o r  a c e ty le n e s .
C lo s e r to  th e  p re s e n t problem  is th e  re c e n t w o rk  by 
Cones and W hiting  on p ro to tro p ic  re a rra n g e m e n ts  o f  d iacety len ic  
dicarboxylic  acids fro m  which conjugated d ien -yne and te t ra e n e  
dicarboxylic  acids a re  obta ined* Th us  h e x a -2 , 4 -d iy n e - l,  
6 -d ica rb o xy lic  acid (4 2 )  and a c ta -3 *5 ~ d iy n e -l,8 -d ic a rb o x y lic  acid  
(4 4 )  give re s p e c tiv e ly  h e x a - l,3 ~ d ie n -5 -y n e - l, 6 -d icarb o xy lic  acid 
(4 3 ) and o c ta - l ,3 »  5* 7 - te t r a e n e ~ l98 -d icarb o xy lic  acid (4 5 )  j 29 when 
t r e a te d  w ith  10$ aqueous potassium  hydroxide a t  5 5 °*  S im ila r ly , 
b u t—3 -y n o ic  acid (46) gives bo th  th e  alien® (4 7 )»  and b u t-2 -y n o ic  
acid (4 8 )  w ith  18$ aqueous potassium  carb o n ate  a t  4 0 -9 0 °  • 90 
T h e s e  re a rra n g e m e n ts  a re  in com plete  ag reem e n t w ith  th e  findings  
o f  C acobs & in th e  pentyne system  (see  l a t e r ) .
In  th e  acety len ic  hydrocarbon s e rie s , S ondheim er 3s has  
successfu lly  isom erised th e  cyclooctadecahexayne (4 9 )»  p re p a red  
by o x id a tiv e  coupling o f  h e p ta -1 , 6 -d iy n e , to  th e  fu lly  conjugated  
h e x a e n e tr iy n e  (5 0 )  using potassium  t —b u t oxide in t —butanol a t  9 0 °  • 
T h is  is  th e  n e a re s t approach to  an isom erisa tion  o f  h e p ta -1 ,
6 -d iyn e  i t s e l f .
In  conclusion, neglecting alkali m e ta l c a ta ly s is , any base 
vary in g  in s tre n g th  b e tw een  potassium  hydroxide and t —b u t oxide 
in any hydroxy  lie so lven t has provided a system  su itab le  f o r  th e  
iso m erisa tio n  o f  o le fin s  and a c e ty le n es . I t  is in te re s tin g  to  n o te ,
T a b le  1*
In i t ia l  b a s e /s o lv e n t system investigations d e te rm in e d  
by re rlu x in g  h e p ta -1 , 6 -d iyn e  witii a 10/ solution of th e  base* 
T h e  ta b le  show s th e  a p p ro x im ate  h e ig h ts  o f  th e  s ig n ific a n t  
peaks p re s e n t in th e  in f ra r e d  s p e c tra  o f  th e  p ro d u c ts *
R un H - C  2  C  O C » C  O C - G ~ C  V in y l e th e r  T o lu en e
num ber ca*33Q0 cm * 1950 1640 1200—1000 730
1 s m s  s
2  -  -  ** ML ~ &L M.
3 & -  w  -  -
4 ~ » ISL s
5 m, SSL in -  oa -  a
6 -  -  w  ' . ~ gL » £
R un 1* Sodium  h y d ro x id e /g ly  col f o r  8 h o u rs*
Run 2* Sodium  h y d ro x id e /m e th y l cellosolve f o r  8 h o u rs*
R un 3 * S o d iu m  h yd ro x id e /d i m eth y l fo rm ara id e  f o r  8 h o u rs*
Run 4* P o ta ss iu m  t -b u to x id e /t -b u ta n o l f o r  3 hours*
R un 5* S o d am id e/d ig lym e f o r  2 h o u rs*
R un 6# P o tass iu m  t-b u to x id e /d ig ly m e  f o r  15 m inu tes*
a t  th is  p o in t, t h a t  a lthough th e  r a te  o f  p ro  to  tro p ic  
re a rra n g e m e n t b ro u g h t abou t by potassium  t-b u to jd d e  in rnethanol 
is  less th a n  in t -b u ta n o l,  th is  l a t t e r  system  has th e  d isadvantage  
o f  fo rm in g  a t -b u to x id e /t -b u ta n o l complex which is insoluble below  
80°»  H yd ro g e n  bonding b e tw ee n  th e  so lven t and th e  c a ta ly s t  is 
also believed to  in h ib it c a ta ly t ic  action.*35 
C a ta ly s t  e ffic iency ,*
T h e  e ffe c t iv e n e s s  o f  various  b a s e -so lv e n t system s in 
p ro m o tin g  th e  p ro to tro p ic  re a rra n g e m e n t o f  h e p ta -1 ,6—diyne to  
to lu e n e  w as in v e s tig a te d  by re flu x in g  th e  hydrocarbon  w ith  th e  
basic system  f o r  su itab le  t im e s . T h e  e x te n t  o f  re a c tio n  was 
d e te rm in e d  by a s u p e rfic ia l exam ination o f  th e  s ig n ific a n t peaks  
a t  3300 ( H ~ C e c ) ,  1950 (a lle n e ) , 1650-1630 (double bonds) ,
1200—1000 (v in y l e th e r )  and 727 cm»"^ ( X —C H  in to lu e n e ) • T h e  
re s u lts  ob ta ined a re  ta b u la te d  in ta b le  1*
S y s te m s  employing so lvents  contain ing a f r e e  hydroxyl 
group w e re  in e f fe c t iv e ,  as was d im eth y lfo rm a m id e . B o th  
sodam ide, p rev iously  know n to  c a ta ly s e  d eu teriu m  exchange in 
h y d ro c a rb o n s , and potassium  t-b u to x id e  in diglym e (d ie th y len e  
glycol d im eth y l e th e r )  w e re  e f f e c t iv e .  R e a c tio n  w ith  th e  fo rm e r  
system  w as s lo w e r , and s tro n g  allenic and e thy len ic  ab sorp tio n  
w as p re s e n t in th e  in f ra r e d  sp ec tru m  o f  th e  p ro d u c t. T h e  
sign ificance o f  th is  ab so rp tio n  w ill be discussed la t e r .
Hi C  =  C H ( c H h ,C .O * H  
( S o )















P o tass iu m  t —b u t oxide in diglyme proved com pletely  s a t is fa c to ry ,  
and w as used in a ll subsequent Iso m e ris a tio n s . A s  previously  
m ention ed , th e r e  a re  d isadvantages in th e  use o f  t -b u to x id e  in 
th e  p re sen ce  o f  t -b u ta n o l,  and even tra c e s  ox th e  alcohol t r e a t ly  
r e ta r d  p ro to tra p ic  exchange. Sublim ed butoxide would th e r e fo r e  
h ave been ideal# T h e  re a c tio n s  did h o w ever proceed sm oothly i f  
th e  la s t  t r a c e s  o f  th e  alcohol w e re  rem oved a t  160° under oil 
pump p re s s u re  u n til th e  butoxide s ta r te d  to  sublim e.
S u ita b le  a ro m a tis a tio n  conditions having been es tab lish ed , 
th e  n e x t s te p  was to  in v e s tig a te  th e  g e n e ra lity  o f  th e  re a c tio n *  
T o  th is  end, a  s e ries  o f  d iacety len ic  hydrocarbons w e re  p re p a red  
and sub jected  to  th is  basic t r e a tm e n t *
P re p a ra t io n  o f  d iacety len ic  h yd ro carb o n s .
T h e r e  is an exce llen t re v ie w  by M a rz a k ^  on th e  general 
m ethods o f  p re p a ra tio n  o f  ace ty len es* M o s t o f  th e  d iacety lenes  
lis te d  in tab le  Z w e re  p re p a red  by w ell estab lished ro u te s  which  
a r e  fu lly  described  in th e  exp erim en ta l* T h e  physical co n s ta n ts  
and yields o f  th e  d iacety lenes  so fo rm e d  w e re  com patib le w ith  
th o s e  quoted by previous a u th o rs *  H en eicosa-1 , 20 -d iyn e  (57 )  was  
p re p a re d  by th e  ro u te  shown*
Is o m e ris a tio n s  o f  d iacety len ic  h yd ro carb o n s .
T h e  a fo re m en tio n e d  diynes w e re  isom erised by re flu x in g  
th em  w ith  a  10% solu tion o f  potassium  t —butoxide in diglym e f o r
T f
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bonded -  QH ?
br« 9 conjugated 
dien~one
periods g enera lly  d e te rm in e d  by in fra re d  analysis o f  a liquots  
rem oved a t  reasonab le  in te rv a ls . T h e  te rm  •solution* is perhaps  
m isleading in th is  t e x t  because although m o st o f  th e  butoxide  
d issolved , some a lw ays rem ained as a m ilky suspension. T h e  
re s u lts  o f  th e s e  iso m erisa tio n s  a re  sum m arised in ta b le  Z and 
expanded b e lo w .
H  exa~ i«5-d lyn e  ( ta b le  2 ,  ru n  1)
T h e  in fra re d  s p e c tra  o f  a liquots  rem oved a f t e r  re a c tio n  
tim e s  o f  o n e , 'th ree  and seven hours w e re  su b s ta n tia lly  th e  sam e, 
and suggested t h a t  a  conjugated dienyl—t —b u ty l e th e r  was produced . 
I f  in it ia l p ro to tro p ic  re a rra n g e m e n t o f  th e  diyne (5 6 )  gave th e  
conjugated dien—yne (59 )  > th e n  butoxide addition  could conceivably  
o c c u r , as show n, giving an in te rm e d ia te  o f  th e  ty p e  ( 6 0 ) .  R ing  
closure and hydro lys is  o f  th is  would th e n  give th e  cyclohexadienyl- 
t —b u ty l e th e r  (61) % a s t r u c tu r e  which com plete ly  a g re es  w ith  th e  
s p e c tra l d a ta  show n. A c id  hydro lysis  o f  th is  should give th e  
k e to n e  ( 6 3 ) .
A c id  hydro lys is  o f  th e  re a c tio n  p ro d u c t gave an oil and th e  
s ig n ific a n t ab so rp tio n  bands, w ith  th e ir  te n ta t iv e  assignm ents in 
th e  in f ra r e d  o f  th is  oil a re  shown o p p o s ite . T h e  genera l broadenin  
o f  peaks in th is  s p ec tru m  suggest th e  p resen ce  o f  an enol, possibly  
as th e  ta u to m e ric  s ys tem  ( 6 2 ) —(6 3 )  • T h e  oil gave a deep re d ,  
u n stab le  D . N . P .  d e r iv a tiv e  which rap id ly  darkened on a tte m p te d
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re c ry s ta ilis a t io n  and gave an insoluble solid which could n o t be
c h a ra c te r is e d  •
S in ce  i t  w as obvious t h a t  benzene had n o t been fo rm e d ,  
in ve s tig a tio n s  in to  th e  p ro d u c t fro m  hexa-1 ,5~d iyne  w e re  
discontinued •
H e p ta - l t 6 - diyne ( ta b le  Z 9 run  2 ) .
T r e a tm e n t  o f  th is  diyne w ith  basic system s o th e r  th a n
t —bu to x ide  have a lre ad y  been d iscussed. W ith  th is  s y s te m , s t r o n g
—C H  a ro m a tic  ab so rp tio n  o cc u rred  in th e  in fra re d  o f  th e  p ro d u c t
a f t e r  only f i f t e e n  m inutes a t  130°, which r e f le c ts  th e  e ff ic ie n c y
o f  th e s e  conditions f o r  p ro m o tin g  p ro to tro p ic  re a rra n g e m e n ts *
In  an iso m erisa tio n  a t  r e f lu x  f o r  fo u r  h o u rs , th e  yield o f  to luene
by in fra re d  analysis w as 35$» and th e  hydrocarbon w as id e n tif ie d
by m fr a r e d  and oxidation  to  benzoic a c id . T h e  re a c tio n  proceeds
only s low ly below 100°* T h u s , when h e a te d  on a  s team  b a th  f o r
f iv e  h o u rs , w eak allenic and e thylen ic  ab so rp tio n  appeared  although
th e r e  w as no no ticeab le  change in e th yn y l a b s o rp tio n .
O c t a - i , 7—diyne ( ta b le  2 ,  run  3 )
T h e  in fra re d  s p e c tra  o f  a liquots  rem oved a f t e r  re a c tio n
tim e s  o f  one and e ig h t hours  contained no e thynyl a b s o rp tio n , and
—1w e re  id en tica l in th e  700-800  cm . region to  th e  superim posed  
s p e c tra  o f  e th y l benzene and o—xylene . A lka lin e  perm an ganate  
oxidation  o f  th e  p ro d u c t gave a m ix tu re  o f  benzoic and ph thalic
T a b le  3*
A n a ly tic a l G . B . C .  o f  th e  Is o m e ris a tlo n  P ro d u c t o f
O c ta  -3 »  5 -  d iyn e .
Run Diglyme Bthyl benzene unknown o-xylene
num ber R#^ %* R ,p % R ^  % R,^, %
1 9,8 -
Z *  -  11*1* -
3 « -  16.7 -
4 -  -  U*8 28 14*2 8 17*4 64
Chromatograms run on 5% Apiezon *L»# with an Argon flow rate  
o f  50 ml./min.
R un
1. Diglyme a t 47°
2. Bthyl benzene a t 50°
3. o-Xylen© a t 50°«
i*. Isomerisatlon product o f octa-3» 5-diyne a t 48° ♦
■j* R ^, is  th e  a p p a re n t re te n tio n  t im e  in min#
+ Relative amount o f component in the product determined 
by area measurement and expressed as a percentage*
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ac id s . T h e  yield in th is  oxidation coupled w ith  th e  yield o f
o -x y len e  by q u a n tita t iv e  in fra re d  ana lys is , using th e  band a t
-1
746 cm . , showed t h a t  th e  p ro d u c t contained 22 and 61$ o f  
e th y l benzene and O'—xy len e , re s p e c tiv e ly . T h e  yield o f  th e s e  
isom ers  fro m  th e  diyne was 72$ .
Q c ta -3 . 5-d iy n e  ( ta b le  2 ,  ru n  4 )
T h e  in fra r e d  sp ec tru m  o f  th e  p ro d u c t a f t e r  a  re a c tio n  
t im e  o f  f i f t e e n  hours  w as id en tic a l to  t h a t  ob tained fro m  
o c ta -1 ,7 -d iy n e  above. T h e  boiling p o in t and r e f r a c t iv e  index 
o f  th e  p ro d u c t w e re  com parable to  th o s e  o f  o -x y le n e , and was  
oxidised to  a m ix tu re  o f  benzoic and ph thalic  ac id s .
T h e  a n a ly tic a l G - . L / . C .  o f  th e  p ro d u c t ( ta b le  3 ) ind icated  
& th r e e  com ponent s y s te m . T w o  o f  th e s e , p re s e n t as 26 and 
64$ o f  th e  p ro d u c t, w e re  id e n tifie d  by mixed ch ro m ato g ram s as  
e th y l benzene and o -x y le n e , re s p e c tiv e ly . T h e  th ird  com ponent, 
p re s e n t as 8$ o f  th e  m ix tu re , w as n o t d ig lym e, and rem ains  
unknow n.
T h e  yield and p ro d u c t d is tr ib u tio n  fro m  th e  isom erisa tions
o f  th e s e  C c diynes w as a lm o s t th e  sam e, which possibly means
o
t h a t  th e  sam e in te rm e d ia te , p r io r  to  cyelis& tion , has been produced  
by p ro to tro p ic  re a rra n g e m e n t in bo th  cases .





Nona — 1, 8 -  c liyn e .




These chromatograms were run on 5% Apiezon flbl 
a t 70°t Argon flow rate  50 ml./min*
Run !• n -  Propyl benzene
Run 2* Isomerisatlon product of nona -  1, 8 -  diyne*
unknown o-ethyl toluene 
RT % ** r t  $
12*3 1? 13*1 77
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N o n a -1, S-d iy n e  ( ta b le  2 ,  run 5)
T h e  in fra r e d  s p e c tra  o f  th e  p ro d u c ts  o b ta in ed , a f t e r  
re a c tio n  tim e s  o f  one and six h o u rs , w e re  id en tica l to  th e  
superim posed s p e c tra  o f  n -p ro p y l benzene and o—e th y l to lu e n e , 
and a ll th e  peaks could be accounted f o r  on th is  basis* O xid ation  
gave p h th a lic  and a t r a c e  o f  benzoic acid*
A n a ly tic a l G  • L, ♦ C  • o f  th e  p ro d u c t ( ta b le  4 )  again showed  
th r e e  com ponents p re s e n t as 6 , 1?, and 77% o f  th e  m ix tu re .
T h e  f i r s t  o f  th e s e  w as id e n tif ie d  by a mixed chrom atogram  as 
n -p ro p y l benzene, w hile th e  la s t  is presum ably o -e th y l to lu e n e .
T h e  yield o f  th e s e  isom ers  fro m  th e  diyne w as 69$* T h e  
s t r u c tu r e  o f  th e  th ird  com ponent is  unknown*
N o n a -2 *7—diyne (ta b le  2 ,  run  6)
T h e  in fra r e d  sp ec tru m  o f  an a liq uot rem oved a f t e r  one 
h o u r a t  r e f lu x  was id en tica l to  th a t  o f  th e  p ro d u c t fro m  th e  
1 ,8 -is o m e r above . S im ila r ly , a f t e r  seven h o u rs , ox idation  gave
th e  sam e p ro d u c ts . G . I b . C . s  w e re  n o t ru n , and th e  yield o f  
a ro m a tic  p ro d u c t w as e s tim a te d , only a p p ro x im a te ly , as 70% fro m  
th e  o x id ation  r e s u lts .
T h e  iso m e ris a tio n  o f  th e s e  diynes c le a rly  shows t h a t  
as th e  chain len g th  o f  th e  diyne in c re a s e s , th e  p ro p o rtio n  o f  
0 -d is u b s t itu te d  p ro d u c t also in c re a s e s . T h e  o v e ra ll yields a re  
n o t e f fe c te d .
C o m p o u n d
fr4uHmi& |Qp BofUHS-POINT °C,|
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D e c a -l> 9 ~ diyne ( ta b le  2 ,  ra n  7)
T h e  p ro d u c t obta ined a f t e r  tw e lv e  hours exhib ited only 
ty p ic a l a ro m a tic  in fra re d  a b s o rp tio n , p a r t ic u la r ly  complex in th e  
a ro m a tic  t  -C H  re g io n . A n  in te re s tin g  s itu a tio n  has now a risen  
in connection w ith  th e  d if fe re n c e  in boiling po ints  b e tw e e n  mono— 
and o—d is u b s titu te d  a ro m a tic  hydrocarbons which a re  lis te d  in 
ta b le  5« In  Cg hydrocarbons th is  d if fe re n c e  is c a . 8 ° ,  th e  
mono s u b s titu te d  iso m er being th e  lo w e r boiling, in c 9 £ * •  6°»  
and in Cjq th e r e  is a lm o s t no d if fe r e n c e . A s  th is  series  is
continued , th e r e  is a c tu a lly  an inversion in boiling p o in t p o s itio n .
di
T h u s  n -h e x y l benzene boils 17° above 6 -is o p ro p y l benzene, and 
n -o c ty l benzene 4 0 °  above £ —d ibu ty l benzene, w ith  n—h e p ty l to luene  
in te rm e d ia to ry  and ju s t  below n—o c ty l benzene. B oiling po in ts  o f  
isom ers  contain ing m ore th an  fo u r te e n  carbons could n o t be found  
in th e  l i t e r a t u r e ,  b u t ta k in g  th e  tre n d s  in th is  la s t  know n range  
a l i t t le  f u r t h e r ,  i t  would appear t h a t  boiling p o in ts  d ecrease  as 
th e  s y m m e try  o f  o—d is u b s titu tio n  in c re a s e s . R e te n tio n  o f  a ro m a tic  
hydrocarbons on th e  non—p o lar s ta tio n a ry  ph ase, A p iezon  ,B I , w ill 
be mainly a fu n c tio n  o f  boiling p o in t, and th e s e  tre n d s  should be 
r e f le c te d  t h e r e .
In  th e  p re s e n t case th e  boiling p o in ts  o f  th e  expected  
a ro m a tic  p ro d u c ts  lie  a t  th e  fc ro ss —ro ad s1, and d if fe re n c e s  in th e  
re te n tio n  tim e s  o f  th e  isom ers  a re  expected  to  be sm all, i f  any .
iah le  6e
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12 • 0 ca o 5
o -n -p ro p y l to luene  a n d /o r
o—d ie th y l benzene
R  %
T  p
12.6  c a . 95
T h e s e  c h ro m ato g ram s  w e r e  ru n  on 5% A p l.  a t  86°»  w ith  
an A rg o n  f lo w  r a t e  o f  50 m l. /m in .
Run 1. n — B u ty l benzene.











; c l §
& £.C . &P Yflg.






T h e  G * B  • G  * o f  t±ie p ro d u c t ( ta b le  6 ) showed only one peak  
w ith  a shoulderj, c a . 5% o f  th e  whole* a t  lo w e r re te n tio n  t im e .
T h e  re te n tio n  t im e  o f  n -b u ty l benzene and th is  shoulder w e r e  
th e  sam e, b u t a mixed chrom atogram  gave only a genera l 
broadening o f  th e  main peak w ith  no defin ed  se p a ra tio n * T h e  
main p e a k , by analogy to  th e  previous is o m e ris a tio n s , is probably  
a m ix tu re  o fo n -p ro p y l to luene and o -d ie th y l benzene in which th e  
l a t t e r  p red o m in ates* T h e  a c tu a l p ro d u c t d is tr ib u tio n  could n o t  
be d e te rm in e d  by in fra re d  o r  o x id atio n , and rem ains unknown*
T h e  yield o f  a ro m a tic  isom ers w as 66$ .
T e tr a d e c a -U  13-d lyn e  ( ta b le  2 ,  run  8 )
A lth o u g h  e th yn y l ab so rp tio n  had com plete ly  d isappeared  
f ro m  th e  in fra r e d  sp ec tru m  o f  th e  p ro d u c t a f t e r  a re a c tio n  tim e  
o f  fo u r  h o u rs , th e r e  w as s ig n ific a n t allenic and o le fin ic  b u t only 
w eak a ro m a tic  Y -C H  ab so rp tio n * A f t e r  e ig h t h o u rs , th e  
a ro m a tic  Y - C H  had s tre n g th e n e d , and a f t e r  e ig h teen , th e  
s p e c tru m  w as ty p ic a l o f  a m ix tu re  o f  o—d is u b s titu te d  benzenoid  
hydro  carb o n s»
T h e  G * B . C .  o f  th e  p ro d u c t, reproduced as a h is to g ram  
( f ig *  1 ), revea led  a six com ponent system  in which t w o ,  peaks  
XXX and I V ,  p redom in ated  as 52 and 23% o f  th e  m ix tu re . B ecause  
o f  th e  boiling p o in t re v e rs a ls  above, i t  was im possible to  assign  
s tru c tu re s  to  th e s e  on Q * B * C *  evidence a lone, n o r w as i t  feas ib le
a  a *- 
0  6 -
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INFRARED SPECTRA OF THE ISOMERISATlON PRODUCTS OF
1,13- te t r a d e c a d iy n e  
FIGTL G.L.C PEAK JH
FIG. 3  G L C  PEAK IS
■fco p re p a re  a ll f iv e  possible a ro m atic  isom ers f o r  com parisons.
T h e  peaks on th e  G . L . C .  w e r e ,  h o w e v e r ,  s u ff ic ie n tly  s e p a ra te d  
to  m ake p re p a ra t iv e  G . L . C .  p ra c tic a b le , and th e s e  main peaks  
w e re  subsequently s e p a ra te d  on th e  F y e -A rg o n  a p p a ra tu s  using  
& IQ# A p iezo n  •L* column. F ro m  th e  preponderance o f  th e  m ost  
s y m m e tric a l isom ers  in previous is o m e ris a tio n s , s t ru c tu re s  (6 4 )  
and (6 5 )  w e r e  th e  f i r s t  choices f o r  th e  main com ponents.
In f r a r e d  analysis o f  th e  main p ro d u c ts  fro m  te t ra d e c a - l , 13-d iy n e .
T h e  samples fro m  th e  Q . 3 L . C .  w e r e  tra p p e d  in U  tu b es  
using a c e to n e /d r ic o ld , and d esp ite  dry ing  p re c a u tio n s , th e  co llected  
f r a c t io n s  w e r e  in ev itab ly  w e t .  T h is  w as a p p a re n tly  caused by 
condensation ju s t  b e f o r e  and ju s t  a f t e r  sample co llection  when th e  
dry ing  tu b e s  w e r e  a b sen t fro m  th e  rJ  tu b e s . T h e  c o n c e n tra tio n  
o f  th e  carbon disulphide solutions used in th e  in f ra r e d  analyses  
w e re  th e r e fo r e  u n fo r tu n a te ly  unknowns th e  solutions being dried  
and d ilu ted  u n til su itab le  s p e c tra  w e r e  o b ta in e d . T h e  in fra re d  
s p e c tra  o f  th e  com ponents corresponding to  peaks I I I  and I V  
( « g .  1) in th e  3000 and 750 c m .’"* regions a re  shown in fig u re s  
2  and 3 re s p e c tiv e ly . A lthou gh  th e r e  is l i t t le  d if fe re n c e  in th e  
y —C H  bands, th e r e  a re  m arked in te n s ity  d if fe re n c e s  in th e  
3000 c m r e g i o n .
52
P o kro o sk ij has examined th e  C —H  v ib ra tio n a l bands o f  
a num ber o f  n -a lkan es  and found th a t }
H c s c ( c H t , ) ioC s c H
W
M
f& s )  « 3 =  3 , / ? * *  s"
( a>) < 5 s i ( ^ s 4
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—1(a )  th e  band a t  2924 cm* is th e  C -H  v ib ra tio n  o f  th e  C H ^
groups and i t s  in te n s ity  in creases  w ith  increasing  chain leng th*
—1(b ) th e  band a t  2957 cm* is th e  C -H  v ib ra tio n  o f  th e  C H _
3
group and i t s  in te n s ity  d ecreases w ith  increasing  chain leng th*  
F ro m  th e s e  considerations th e  r a t io  o f  th e  in te n s itie s  
o f  th e  bands a t  2 9 2 5  and 2 9 5 7  cm * in a s t r u c tu r e  (6 5 )  would 
b© exp ected  to  be g r e a te r  th a n  th e  sam e r a t io  f o r  a  s t r u c tu r e
(6 4 )«  On ‘th es e  grounds, s t r u c tu r e  (6 4 )  can be assigned to  
th e  in f ra r e d  s p ec tru m  ( f ig *  2 )  o f  G * J L * C .  f r a c t io n  I I I ,  and 
s tr u c tu r e  ( 6 5 )  to  t h a t  o f  G * L * C *  f r a c t io n  I V  ( f ig *  3 ) *
S ine© th e  a c tu a l in te n s itie s  o f  th e s e  hands in th is  s e ries  a re  
unknow n, th e s e  s p e c tra  could as easily be assigned to  s t ru c tu re s
(6 5 )  and (6 6 )  re s p e c tiv e ly *  T h e  a c tu a l leng ths  o f  th e  side 
chains in e ith e r  one o f  th e s e  com ponents m u st th e r e fo r e  be known  
b e fo re  any d e f in ite  conclusions can be made fro m  th e  in fra re d  
d a ta *
M ass sp ectro sco p ic  analysis o f  th e  main p ro d u c ts  fro m  
te t ra d e c e  -1 , 13- d iyn e .
B ey n o n 53 in his re c e n t  book has re v iew e d  c o rre la tio n s  
b e tw e e n  mass s p e c tra  and th e  s tru c tu re s  o f  a num ber o f  alkyl 
bensenes* T h e  p redom in an t d issociation  processes in th e s e  ten d  
to  be th o s e  which re q u ire  th e  lo w e s t en e rg y , and th e s e  processes  
a re  m o stly  th o s e  in which a s ta b le  ring  s t r u c tu r e  is p re s erv e d  in
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th e  ionised f ra g m e n ts . S in ce  th e  presen ce o f  th e  ring  in th e  
alkyl benzenes causes m arked d iffe re n c e s  in bond s tre n g th s  along 
t h o  a lkyl side chain , th e  s p e c tra  show p ro m in en t peaks due to  
fra g m e n ta tio n  a t  th e  w e a k e s t bond. T h u s  in alkyl benzenes th e  
s tro n g e s t ion in th e  s p e c tra  is one o f  mass 91 corresponding to  
ru p tu re  /& -  to  th e  r in g  giving th e  s ta b le  C y  H r ,*  ion .
In  p o ly -a lk y l benzenes d issociation  -  to  th e  r in g  ten d s  
to  c e n tre  in th e  side chain which has th e  longest su b s itu en ts  on 
th e  oC— carbon a t o m ,  and although mass 91 may rem ain  a p ro m in en t 
p e a k , i t  w ill no longer be th e  s tro n g e s t in th e  s p e c tra . T h e  
u n sy m m etric a l s t r u c tu r e  ( 6 5 ) ,  contain ing and side chains, 
fro m  th e  above co n s id e ra tio n s , would be expected  to  give a 
p ro m in en t peak corresponding to  th e  loss o f  by ru p tu re
to  th e  r in g  a t  th is  side chain . P re d ic tio n s  ab o u t th e  mode 
o f  fra g m e n ta tio n  o f  th e  s y m m e tric a l s t r u c tu r e  (6 4 )  a re  u n c e rta in  
as th e r e  is equal p ro b ab ility  o f  -  and -  r u p tu r e .
T h e  mass s p e c tra  o f  G , B , C .  f ra c t io n s  I I I  and I V  a re
shown as h is to g ram s  ( f i g s ,  4 and 5 ) *  B o th  have p a re n t peaks
o f  m ass 190 (C , ,  H  ) and le s s e r peaks o f  mass 91*14 22
T h e  s p e c tru m  o f  f r a c t io n  I V  ( f i g ,  5)  is dom inated by a 
peak o f  m ass 119 corresponding to  th e  loss o f  a  fra g m e n t o f  
m ass 71, i«@* T h e  n e x t main peak o f  mass 105 corresponds
to  f u r t h e r  loss o f  giving a s ta b le  re a rra n g e m e n t ion which
i©
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In tu r n  loses C H ^  giving th e  s tab le  ion ty p ic a l o f  a ro m a tic
s tru c tu re s #  F ro m  th e  considerations discussed above, th is  
crack in g  p a t te r n  c le a rly  in d icates  th a t  f r a c t io n  I V  is o -n -p ro p y l-n -  
p e n ty l benzene ( 6 5 ) •
T h e  sp ec tru m  o f  f r a c t io n  I I I  ( f ig *  4 )  is  com plete ly  
dom inated by a peak o f  mass 105 presum ably caused by 
ĵ > -  fra g m e n ta tio n  giving th is  as a s ta b le  re a rra n g e m e n t p ro d u c t. 
There a re  also a  s e ries  o f  peaks corresponding to  successive loss 
o f  C H ^  and C H ^ s  fro m  th e  p a re n t  ion , th e  s tro n g e s t o f  th e s e ,  
o f  m ass 133, corresponding to  loss o f  mass 5 7 9 i * e *  
in d icating  fra g m e n ta tio n  a t  a side chain* T h e  o v era ll 
sim p lic ity  o f  th is  sp ec tru m  sure ly  r e f le c ts  th e  s y m m e try  o f  th e  
m olecule, and s t r u c tu r e  (6 4 )  is assigned to  f ra c t io n  I I I ,  in com plete  
a g re e m e n t w ith  th e  arg u m en ts  based on in f r a r e d .
T h e  p ro d u c t fro m  th e  is o m erisa tio n  o f  te t ra d e c e  -1 ,
13“-diyne has now been shown to  be a m ix tu re  contain ing mainly 
G -d ib u ty l benzene and o -n ~ p ro p y l-n -p e n ty l benzene in 52 and 22% 
re s p e c tiv e ly *  T h e  o th e r  com ponent V  o f  longer re te n tio n  tim e  
is  probably  o—e th y l—n -h e x y l benzene fro m  boiling p o in t co n s id e ra tio n s . 
The yield o f  a ro m a tic  isom ers  fro m  th e  diyne is 62%9 and th e  
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H eneicosa —1, 2 0 -diyne (ta b le  2 , run  9 ) *
T h e  In fra r e d  sp ectru m  o f  th e  p ro d u c t a f t e r  a re a c tio n  
t im e  o f  tw e n t y - f o u r  hours con ta in ed , o th e r  th a n  a ro m a tic  a b s o rp tio n , 
bands a t  1640, 960 and 710 c m . ^  assigned to  cis and t r a n s  double­
bond u n s a tu ra tio n *  H yd ro g en atio n  re s u lte d  in th e  u p ta k e  o f  one 
m olar equ iva len t o f  hydrog en , corresponding to  a yield o f  75% o f  
a ro m a tic  p ro d u c ts  i f  th e  b y -p ro d u c ts  w e re  non-cyc lic  and com pletely  
reduced* N o n -a ro rn a tic  u n s a tu ra tio n  had d isappeared f r o m  th e  
sp ec tru m  o f  th e  p ro d u c t, b u t th e r e  w e r e  now new  bands a t  2670 w
and 810 c m p o s s i b l y  caused by a cycloalkane s y s te m *
-1T h e  d iscovery  t h a t  th is  peak a t  710 cm * w as caused by 
double—bond ab so rp tio n  w as som ew hat d isco n certin g  as peaks around  
th is  fre q u e n c y  had previously  been n o te d , genera lly  as shou lders , 
in a ll th e  iso m eris a tio n s  o f  diynes contain ing m ore th a n  seven carbons  
which gave r is e  to  u n id en tified  unknowns* T h is  band had been 
assigned to  a ro m a tic  -  C H  and n o t to  double bond a b s o rp tio n , 
and consequently hydrogenation  had n o t been a tte m p te d *  T h e  
im plications o f  th is  d iscovery  w ill be d e a lt w ith  when th e  mechanism  
is discussed*
T h e  G . L / . C .  o f  th e  hydrog en ated  p ro d u c t, reproduced as 
a h is to g ram  ( f ig *  6 ,  opp* paye ) ,  contained e igh t peaks dom inated  
again by o n e, peak I V *  A t te m p ts  to  s e p a ra te  th is  peak by 
p re p a ra tiv e  scale < 3 . L * C *  w e r e  unsuccessfu l as th e r e  was
( t » i )  £ 3 s  7  y m  = t
( t > l )  * 3  * 6  j  Z u *<i
( & )  K s  * S ,  * / 0
h o )  k 3 s ^ j  < * *  i t  
( 7 1 )  £•*« 3 ,  1 a,.
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considerable bleeding o f  th e  s ta tio n a ry  ph ase , A p iezon  fIV *
B y  analogy to  th e  is o m erisa tio n  o f  te tra d e e a  -1 , 13-d iyne, 'tills  
main peak w as assigned to  th e  m ost s y m m e tric a l o -d is u b s titu te d  
benasenoid iso m er n~hepty  l~ o c ty l benzene ( 6 7 )> and peaks V  -  V I I I  
to  iso m ers  ( 6 8 )  -  (71) re s p e c tiv e ly *  C om ponents (6 7  ~ (71) 
o c c u rre d  as 73% o f  th e  p ro d u c t and th e  yield o f  th e s e  isom ers  
fro m  th e  diyne was 6k%»
A nalogies a re  n ev er really, s a t is fa c to r y ,  and some em pirical 
re la tio n sh ip  b e tw een  th e  re te n tio n  tim e s  o f  th e s e  isom ers  w as  
sought* S e v e ra l em pirica l m ethods have been used f o r  c o rre la tin g  
gas -  chrom atograph ic  d a ta  f o r  so lu tes  in homologous s e r ie s , and 
f o r  so lu tes  o f  s im ilar s t r u c tu r e  w ith  o th e r  physical d a ta *  T h u s  
s tra ig h t  lines a re  usually obtained f o r  p lo ts  o f  th e  log o f  th e  
re te n t io n  t im e  on a given s ta tio n a ry h p  ase a g a in s t
(a )  th e  num ber o f  carbon a to m s in tu e  m olecule
55(b )  th e  boiling p o in t o f  p u re  s o lu te .
In  th e  p re s e n t case ,  th e  boiling p o in ts  o f  compounds 
(6 ? )  — (71) a re  unknow n, and a p lo t o f  ty p e  (b )  could n o t be made* 
T h e  fo llow ing  q u a lita tiv e  considerations d id , h o w e v e r ,  lead to  a  v e ry  
in te re s t in g  r e s u lt *  A s  th e  s tru c tu re s  o f  th e s e  isom ers  is  changed 
fro m  ( 6 7 ) -  (?!)» p o la ris a tio n  e f f e c t s  w ith in  th e  molecules would  
rem ain  th e  sam e u n til th e  leng th  o f  an a lky l side chain becam e les^  
th a n  fo u r  a t  which p o in t th e  dipole m om ent o f  th e  molecule would
II
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change• T h is  phenomenon* which would e f f e c t  in te rm o le c u la r  
binding and th e r e fo r e  boiling p o in t, is w ell know n in th e  case o f  
n -a lk y i halides • I f  th e  alkyl chains a re  fo u r  o r  m ore carbon  
a to m s  long p o la ris a tio n  e f fe c ts  can th e r e fo r e  be e lim inated  fro m  
boiling p o in t consid eratio ns* Changes in boiling p o in t m ight now  
b© possibly accounted  f o r  by changes in m olecular packing which 
m ight again be d ire c tly  e f fe c te d  by th e  ra t io  o f  a lky l s u b s titu e n ts  
R 3 and R  «
I t  has been found t h a t  th e  p lo t o f  th e  1 s u b s titu e n t r a t io 1
( / o  ) ag a in s t th e  log o f  th e  re te n tio n  t im e  o f  peaks I V  -  V I I ,  
k
assum ing th e y  have th e  s tru c tu re s  (6?)  -  ( 7 0 ) ,  is  a s t ra ig h t  line 
( f ig #  7 )»  I t  has f u r t h e r  been found t h a t  peak V I I I ,  assigned  
to  s t r u c tu r e  (71)*  which has a  n -p ro p y l side chain and would be 
exp ected  to  have a  d i f fe r e n t  dipole m om ent fro m  th e  o th e rs ,  
d e v ia te s  fro m  th is  p lo t to w a rd s  a  longer re te n t io n  va lu e , i . e .  
a  h ig h er boiling p o in t*
U n fo r tu n a te ly , o th e r  long chain d iacety lenes  w e re  n o t  
p re p a re d  and a ro m a tis e d , and th is  em pirica l m ethod could th e r e fo r e  
n o t be te s te d  f u r t h e r *  I t  do es , h o w e v e r, add some w e ig h t to  th e  
v a lid itie s  o f  th e  analogies d ra w n  above* T h e  explanations o f fe r e d  
f o r  th is  p lo t m ay be e x tre m e ly  c ru d e , b u t i t  should be borne in 
mind t h a t  p lo ts  (a )  and (b ) and o th e rs  like th em  w e re  used and 
re lie d  upon f o r  many y e a rs  b e fo re  th e y  rece ived  th e o re t ic a l backing  
q u ite  re c e n tly *
T a b le  7*
G * L , * C *  o f  th e  is o m e risa tio n  o f  c y c lo te tra d e c a - l,  8 -d iyn e
and re la ted , compounds*
Bun Vi&gm jeehiftB •X* *V'
uutfwr ^ ^  ^  ^  ^  ^ \  \  #
*
•08$ 100
« • • * * « * - * * « 1 4  ie#o
 * * * 49 8*1 .8$ I® M  0 4  24 I* )
♦ *  *  *  *  *  ,?*} 2.0 4 $ 2*4 2,0 $6.1 24  0 4
« *8® 4$ *0  14  *?2 8 -  -  ,83 814 2#0 0 ,8  -  -
C h ro m a to g ram s  ru n  on 5% A p l,  a t  1 6 3 -5 ° ,
A rg o n  f lo w  r a t e  31 m l./m in *
Run 1# D ig lym e*
2* C y e lo te tra d e c a -1 9 8 -d iyn e*
3 * Is o m e ris a tio n  p ro d u c t o f  c y c lo te tra d e c a - l,  8 -d iy n e *
h* Is o m e ris a tio n  p ro d u c t o f  c y c lo te tra d e c a -1 , 8 -d iyn e  plus
c y e lo o e ta te tra -1 , 8 -d iy n e ,
5* H y d ro g e n a te d  iso m e risa tio n  p ro d u c t o f  cy c lo te tra d e c a -1 ,
8 -d iy n e *
*  E x tra p o la te d *
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Cyclofcefcradece -1 , 8-d iyn e  ( ta b le  2 ,  run  10)
T h e  p ro d u c t a f t e r  a re a c tio n  t im e  o f  s ix te en  hours was  
an oil w ith  a typ ic a lly  a ro m a tic  in fra re d  sp ec tru m  contain ing  
complex a ro m a tic  if -  C H  a b s o rp tio n , and bands a t  1630 and 6 9 8  
cm*~* assigned to  cis doable bonds*
A n a ly tic a l G .3 L * C *  ( ta b le  7) showed th e  p resen ce  o f  
fo u r  com ponents, tw o  o f  w h ich , Y  and S ,  w e re  p re s e n t as 70 
and 20% o f  th e  p ro d u c t*  T h e  only o th e r  s ig n ific a n t com ponent 
w as id e n tif ie d  b y  & mixed chrom atogram  ( ta b le  7 , runs 2 ,  4 )  as 
s ta r t in g  m a te r ia l,  and w as h ydrog en ated  q u a n tita t iv e ly  presum ably  
to  c y c lo te tra d e c a n e . T h e  fo u r th  com ponent X ,  p re s e n t as 2% 
o f  th e  m ix tu re , h yd ro g en ated  to  tw o  new  unknowns and was  
probably a tr ic y c lic  iso m er o f  th e  s ta r t in g  diyne* T h e  hydrog en ated  
m ix tu re  could n o t be s e p a ra te d  by alum ina c h ro m a to g ra p h y . B y  
analogy to  th e  o th e r  is o m e ris a tio n s , p ro d u c t 2  w as probably  
benzocyclodecene and w as obtained in 62$ yield fro m  th e  diyne*
T h e  s t r u c tu r e  o f  Y  is  unknow n.
B is -e th y n y lc y c lo h e x -l-e n e  ( ta b le  2 ,  run  11)
B e a rin g  in mind th e  easy iso m erisa tio n  o f  ethynylcyclohex—
1-ene to  e th y l benzene?5 i t  w as n o t su rp ris in g  t h a t  th e  d im e r,  
a f t e r  a re a c tio n  t im e  o f  f i f t e e n  hours  gave a 42$ yield o f  
1, 4 — d iphenylbutane, id e n tif ie d  by d ire c t  com parison w ith  an  
a u th e n tic  sam ple*
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The, .iso m erisa tio n  o f  m iscellaneous a c e ty le n e s *
T h e  fo llow ing  acety len es  w ore  isom erised as described  
f o r  th e  hydrocarbons , and th e  re s u lts  obtained a re  sum m arised  
In ta b le  6 *
D ip ro p a rg y l a c e tic  acid ( ta b le  8 t ru n  1)
A f t e r  a  re a c tio n  tim e  o f  f iv e  h o u rs , m ~to lu ic acid was  
Is o la te d  In 70% yield and Id e n tif ie d  by in fra re d , and m ixed m elting  
p o in t*
B th y l a rac h ld o n a te  ( 7 2 )  |  ta b le  8 ,  ru n  2 )
N o  a ro m a tic  p ro d u c t w as Iso la ted  fro m  th is  skipped f a t t y  
acid e s t e r ,  b u t th e  in f ra r e d  s p ec tru m  o f  th e  p ro d u c t, a f t e r  a 
re a c tio n  t im e  o f  tw e n ty  h o u rs , contained considerable ab so rp tio n  
b e tw e e n  1850 -  1550 c m , " \  ind icating  t h a t  th e  weU-esfcahbsaed 
baee-wcatalysed iso m e ris a tio n  o f  skipped double bonds in to  conjugation  
had o c c u rre d . T h e re  w as some hydro lys is  during th e  re a c tio n  and 
b o th  e s te r  and acid Iso la ted  contained th e s e  conjugated double-bond  
bands* A s  e x p e c te d , th e  p ro d u cts  w e re  u n stab le  and decomposed  
on standing  a t  room  te m p e ra tu re  o v e rn ig h t*
T h is  re a c tio n  is  im p o rta n t because i t  shows t h a t  fo u r  
double bonds and presum ably fo u r  conjugated double-bonds do n o t  
a ro m a tis e  un der conditions s a t is fa c to r y  f o r  d iyaes«
O e ta d e c a  - 9 *  12-dlen—6«*ynoic. acid (7 3 )»  ( ta b le  8 ,  run  3 )
T h e  p ro d u c t is o la te d , a f t e r  a  re a c tio n  tim e  o f  e igh t h o u rs ,  
w as an a c id , o r  m ix tu re  o f  a c id s , in Bk% y ie ld , contain ing s tro n g
a ro m a tic  in f ra r e d  a b s o rp tio n . A lka lin e  perm an ganate  oxidation  
o f  th e  p ro d u c t gave phthalic  ac id . T h e  p ro d u c t w as probably  
a m ix tu re  o f  acids (7 4 )  -  ( 7 5 ) ,  and no a t te m p t  w as made to  
separate these. Thu® a compound containing a dien-yne system  
ha® aromatised, and th is  must be accounted fo r In the m echanism .
28
S u m m a ry  o f  re s u lts  and discussion o f  mechanism
A n y  suggested mechanism m ust account f o r  th e  fo llow ing  
e x p erim en ta l o b servatio n s  s-
<o A ro m a tis a tio n  occurs  in s tra ig h t  chain diacetyle»cswhich  
conta in  seven o r  more  carbon a to m s b u t n o t ,  as in th e  case o f  
hexa—1, 5—diyn e, when th e r e  a re  only s ix . T h is  suggests an 
e ssen tia l in te rm e d ia te  contain ing seven carb ons.
( l i )  In  e v e ry  case examined in tro d u c tio n  o f  a  d iace ty len e  to  th e  
basic system  produced a change fro m  colourless to  yellow  which 
slow ly darkened  th ro u g h  orange and re d  to  b row n a t  a  r a te  which  
w as ap p ro x im ate ly  p ro p o rtio n a l to  th e  d is tan ce  b e tw e e n  th e  t r ip le  
bonds. T h is  suggests th e  fo rm a tio n  o f  a  conjugated ionic 
chrom oph ore .
( i l l )  In  iso m eris a tio n  using potassium  t-b u to x id e  in diglym e no 
in te rm e d ia te  could be d e te c te d . H o w e v e r ,  i f  th e  w e a k e r base  
sodamide w as used , th e  re a c tio n  was much s lo w er and th e  I . R .  
o f  sam ples rem oved in th e  ea rly  s tag es  o f  th e  re a c tio n  contained  
s tro n g  allenic and e thylen ic  to g e th e r  w ith  ethynylic  and a ro m a tic  
ab so rp tio n  (page 10 , ta b le  1, run  5 ) • T h is  im plies t h a t  an
in te rm e d ia te  contain ing allenic and ethylenic  groupings e x is ts  
b e tw e e n  th e  a ce ty le n e  and a ro m a tic  p ro d u c t.
<iv) D iynes  and dienynes a re  a ro m atised  w hile te t ra e n e s  a re  n o t .  
T h e  s ig n ific a n t d if fe re n c e  in th e s e  ty p e s  o f  compounds is t h a t
e c H &cH%,ci- ij I 4 $ c = erf* £ ■ % c ^ c & ^a.e %
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ace ty le n es  can iso m erise  to  allenes while th e  te t ra e n e s  being 
m ore s ta b le  th a n  a llen es , can n o t*  T h is  again supp orts  th e  
co n te n tio n  t h a t  allenes play an essen tia l ro le  in th e  a ro m a tis a tio n  
process*
( v )  T h e  a ro m a tis a tio n  o f  d iacety lenes  leads to  a m ix tu re  o f  
m ono- o r  o -d is u b s titu te d  benzenoid p ro d u c ts  on ly . A s  th e  
chain leng th  o f  th e  diyne in creases  th e  am ount o f  m o n o su b stitu ted  
p ro d u c t d ecreases  and th e  p ro d u c t which predom in ates  is a lw ays  
th e  m o s t s y m m e tric a l 0—d is u b s titu te d  isomer*
(v i )  N o n -a ro m a tic  u n s a tu ra te d  compounds a re  in ev itab ly  fo rm e d  
in low  yield as by p ro d u c ts *
22
A s  ea rly  as 1888 F a v o rs k ii described th e  iso m erisa tio n
o f  b u t- l-y n ©  to  b u t-2 -y n e  w ith  potassium  ethoxide in e th an o l, and
showed t h a t  th e  allene b u t-1 , 2 -d ien e  w as an in te rm e d ia te *
51
.Jacobs in re c e n t y e a rs  has examined th e  analogous re a rra n g e m e n t  
o f  p en tyn e  w ith  alcoholic potassium  hydroxide and found t h a t  an 
equilibrium  m ix tu re  o f  p e n t- l-y n e  ( 7 6 ) ,  th e  allene (7 7 )  and 
p e n t-2 -y n e  (7 8 )  w as s e t  up as show n. T o  explain th is  he  
proposed th e  ro u te  shown which also allow s f o r  conjugated diene 
( 7 9 )  fo rm a tio n *  .Jacobs, h o w e v e r ,  did n o t fin d  any diene b u t 
.Jones and W hiting  extending th e ir  w o rk  on th e  re a rra n g e m e n t o f  
hydrocarbons to  d iacety len ic  diacids d escribe  th e  fo rm a tio n  o f  
th e  diene (81) by t r e a tm e n t  o f  th e  diacid (8 0 )  w ith  aqueous
c «3 (cH*)fcc 5 c (cHi^cae. (crt^cHs
potassium  hydroxide*
In  th e  p re s e n t case i t  is suggested t h a t  th e  t r ip le  
bonds move to w a rd s  o r  aw ay fro m  each o th e r  by th is  m echanism , 
as th e  case may b e , u n til th e  position  (8 2 )  is reached  in which 
th e r e  a re  tw o  t r ip le  bonds w ith in  a seven carbon sy s te m *
F u r th e r  re a rra n g e m e n t th e n  gives th e  conjugated a liene-d iene  
sy stem  (8 3 )  which undergoes an in te rn a l D iels-A lder cyclisation  
to  (8 4 )  and in tu r n  is isom erised  to  th e  0 -d is u b s titu te d  a ro m a tic  
System  ( 8 5 ) *  T h is  mechanism accounts  s a t is fa c to r ily  f o r  th e  
o b se rva tio n s  (1) «  ( i v ) *
I t  is surpris in g  t h a t  successive p ro to to p ic  s h if ts  should 
occur over an extended chain o f  as many as seven carbon a tom s  
which m u s t be th e  case i f  th e  in te rm e d ia te  (8 7 )  is fo rm e d  fro m  
hensicosa -  1, 20 -  d iyne, and i t  would be in te re s t in g  to  d iscover  
how long th e  carbon chain m u st be b e fo r e  th e  driv ing  f o r c e  o f  
p o ten tia l a ro m a tis a tio n  becomes in e f fe c t iv e *  I t  is equally 
s u rp ris in g  t h a t  th e  conjugated diyne system  in o c t a - 3 , 5-d iyn e  
should be d is ru p ted  which gives te s tim o n y  to  th e  compelling fo rc e  
o f  p o te n tia l a ro m a tis a tio n .
A n  explanation f o r  o b servatio n  (v )  t h a t  th e  main p ro d u c t 
is a lw ays  th e  m o st sym m etrica lly  s u b s titu te d  0 -d ia lk y l benzene  
fo llo w s  fro m  th is  m echanism . In  th e  case o f  te trad ec eu  -  1,
13-d iyn e  ( 8 8 ) ,  f o r  exam ple , assuming t h a t  th e  t r ip le  bonds move




C Hs c ^ a . c «  = = = ^ 5
c %  (c H ^ .
CofigCti^ c d
>.
( / o r )
f i o * )
to w a rd s  on© a n o th e r a t  ap p ro x im ate ly  th e  same r a t e ,  th e  
u n sy m m etric a l d iace ty len e  (8 9 )  w ill be fo r m e d .  A ro m a tis a tio n
can th e n  o ccu r e ith e r  v ia  (9 0 )  o r  (91) giving th e  u n sym m etrica l 
( 9 2 )  o r  th e  s y m m e tric a l (93 )  0 -d is u b s titu te d  benzenes re s p e c tiv e ly . 
T h is  explains th e  predom inance o f  th e  tw o  m o st evenly s u b s titu te d  
Iso m ers  in e v e ry  a ro m a tis a tio n . T h e  f a c t  t h a t  (9 3 )  fo rm s  th e  
m ajor p ro d u c t m ight r e f le c t  a s ta t is t ic a l  p re fe re n c e  f o r  th e  
fo rm a tio n  o f  in te rm e d ia te  (91) r a th e r  th a n  ( 9 0 ) .
I f  some o f  th e  diyne iso m erised , n o t to  th e  conjugated  
dien«-all@ne system  ( 8 3 ) ,  b u t to  th e  conjugated te t r a e n e  (106) ,  
cyclisa tio n  involving e ig h t o r  six carbon a to m s  could th e n  give th e  
e y c lo o c ta tr ie n e  (10?) o r  th e  eyelohexadiene system  (108) .  T h is  
would acco unt f o r  o b serv a tio n  (v i )  t h a t  sm all am ounts o f  
u n s a tu ra te d  compounds, contain ing c is -double bond ab so rp tio n  in 
th e  in f r a r e d ,  in ev itab ly  occur as b y -p ro d u c ts  in th e  is o m e ris a tio n s .
In te r n a l D ie ls -A ld e r  cyclisations have been proposed b e f o r e .
P in es  suggests  th is  mechanism f o r  th e  p y ro ly tic  a ro m a tis a tio n
o f  Umonene (9 h )  by cyclisation  o f  th e  in te rm e d ia te  (9 5 )  to
~ 99m -xy len e  ( 9 6 ) ,  and Paschke f o r  th e  cyclisation  o f  e ie o s te a ric  
acid d e r iv a tiv e s  (9 7 )#  In  th is  l a t t e r  paper P aschke also suggests  
possible ro u te s  f o r  th e  cyclisa tion  o f  arachidonic acid ( 9 8 ) *
On© o f  th e s e  ro u te s  shown involves in it ia l iso m erisa tio n  o f  (98 )  
w ith  h e a t to  th e  conjugated system  (99 )  containing both a diene
cc — • cc
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and a dienophile. D ie ls —A ld e r  in te rn a l cyclisation  is th e n
proposed giving th e  bicyclic acid (100) •
T h e  s im p les t example o f  an in te rn a l D ie ls -A ld e r  re a c tio n  
is described  by A ld e r  f o r  th e  iso m erisa tio n  o f  h e x a tr ie n e  (101) 
to  cyclohexadiene (102) a t  4 0 0 ° ,
A lte r n a t iv e  m echanism .
D u rin g  th e ir  e f f o r t s  to  syn thes ise  tr id e c a  -1 , 3 ,
11-triene  -5 *  7* 9 - t r iy n e  (104) by ch lo rination  o f  th e  diol (103) 
and subsequent dehydro ch lo rination  w ith  ethoxide S k a tte b o l and
A
S o ren so n  surpris ing ly  iso la ted  phenylheptenediyne (105) •
T h e  re a c tio n  was la te r  te s te d  w ith  R  = phenyl and gave to la n *  
T h e y  suggest th e  mechanism shown involving cy lisa tio n  a t  th e  
dehydroch lo rination  s ta g e , a mechanism which can h a rd ly  apply 
to  a ro m a tis a tio n  o f  d iacety len ic  hydro carbons •
et
B iogenic Im p lic a tio n s ,
A1 11
62S o re n s e n  and his colleagues in th e ir  s ig n ific a n t w o rk  
on n a tu ra lly  o c cu rrin g  po lyacety lenes have po inted  o u t in trig u in g  
s t r u c tu r a l  s im ila r itie s  in C ^  compounds derived  fro m  closely  
re la te d  p lan t species* T h u s  open—chain compounds, cyclic isom ers  
o f  th e  benzenoid s e ries  and analogues o f  th e  fu ra n  and th iophen  
se rie s  a re  produced by C om positae  p lan ts  (see  ta b le  ) •
B u fL#ock &  has proved  t h a t  po lyacety lenes a re  synthesised fro m  
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o f  transformation of diacetylenes to  benzenoid compounds m u st 
su re ly  support the theory ? that a new b enzeno id -ring  
b io syn th es is , alternative to  th o se  involving oxygenated  cyclic  
i n t e r m e d i a t e s , ®  such as shikimic acid, is  o p e ra tin g .
Compounds fro m  C om positae  P la n ts .
t
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C 6 H 5 C 2 C . C  S C.ca C . C H 3 
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«• m — To lu io  a d d .
I t  had previously  been suggested21 t h a t  P e rk in ’s 
^  Da -  to lu ic  acid m ight be an in te rm e d ia te  o f  th e  ty p e  (109) 
o r  (110) b e tw e e n  d ip ropargy l a c e tic  acid and rn -  to lu ic  ac id , and 
in th e  hope o f  d e te c tin g  such an in te rm e d ia te , th e  iso m erisa tio n  
o f  d ip ro p arg y l a c e tic  acid a t  low  te m p e ra tu re s  w as exam ined.
N o iso m erisa tio n  o c c u rre d  when th e  acid w as h e a te d  w ith  th e  
basic system  a t  55 ° f o r  th r e e  h o u rs , and th e  re a c tio n  m ix tu re
w as allow ed to  s tan d  in th e  cold f o r  fo u r  days .  S u rp r is in g ly ,  
th e  in fra re d  sp e c tru m  o f  th e  p ro d u c t now contained bo th  s tro n g  
te rm in a l e thyny l and s tro n g  a ro m a tic  a b s o rp tio n . T h e  u ltra v io le t  
sp ec tru m  h o w e v e r  showed no ab so rp tio n  approaching t h a t  expected  
f o r  a  dienic o r  allenic conjugated acid and was in f a c t  th e  sam e  
as exp ected  o f  m •  to lu ic  ac id . M e th y la tio n  o f  th e  p ro d u c t gave  
an oil w ith  an in f ra re d  sp ec tru m  in accordance w ith  a m ix tu re  o f  
th e  m e th y l e s te rs  o f  th e  d ipropargy l a c e tic  and rn -  to lu ic  .ac ids .
T h e  u lt ra v io le t  sp ec tru m  was id en tica l to  t h a t  o f  m eth y l in -  to lu a te  • 
T h e  com ponents o f  th is  m ix tu re  w e r e  f u r t h e r  id e n tif ie d  by mixed  
c h ro m ato g ram s  in which th e r e  was no t r a c e  o f  a th ir d  com ponent.
N o  in te rm e d ia te  in th is  re a rra n g e m e n t has been d e te c te d  
and th e  s t r u c tu r e  o f  ^  -  rn -  to lu ic  acid rem ains unknow n. T h e  
b e s t p ro ced u re  f o r  any fu tu r e  in ves tig a tio n s  along th e s e  lines 
would be a d ire c t  u lt ra v io le t  s tu d y  o f  th e  is o m e ris a tio n , probably  
o f  m e th y l d ip ro p arg y l a c e t a t e ,  as i t  is a c tu a lly  proceed ing .
D im e th y l sulphoxide as a so lven t f o r  th e  base^cata lysed  
is o m e ris a tio n s .
D u rin g  th e  course o f  in ve s tig a tio n s  using potassium  
t  -  bu toxide in d ig lym e, a t te n t io n  was d ra w n  to  a  p ap er by Cran$* 
in which th e  r a t e  o f  p ro to tro p ic  re a rra n g e m e n ts  p ro m o ted  by 
t  -  bu toxide is shown to  be 10^ tim e s  f a s t e r  in d im ethy l sulphoxide 
th a n  in t  -  b u ta n o l. I t  w as th e r e fo r e  decided to  exam ine th e
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T a b le  9 *
In f r a r e d  s p e c tra l d a ta  o f  th e  p ro d u c ts  f ro m  th e  
a t te m p te d  iso m erisa tio n  o f  h e p ta - i ,  6—diyne using  
d im eth y l sulphoxide as so lven t*
F req u en cy  (c tn *“ )̂ A ss ig n m en t*
3010s H  -  C  *  C
1600, 162 Qw C  « C  -  C  « C
1360m C  -  C H ^
910, 980m  H gC  «• C H
705s -  c  -  S  -
690 cis C  » C
e f f e c t s  o f  th is  system  on d iacety lenes* On addition  o f  
h e p ta  —1, 6 ~ diyne to  a 1 Q% solution o f  potassium  t  — butoxide  
in d im eth y l sulphoxide th e r e  was an im m ediate  exo th erm ic  re a c tio n  
and in ten se  blue co lo u ratio n * T h e  in fra re d  s p e c tra  o f  th e  
p ro d u c ts  ( ta b le  9 )  rem oved a f t e r  re a c tio n  tim e s  o f  f i f t e e n  
m inutes and t h i r t y - s ix  ho urs* a t  room  te m p e ra tu re *  w e r e  id en tica l 
and th e r e  was no t r a c e  o f  e ith e r  s ta r t in g  a c e ty len e  o r  to luene*
A  s im ila r sp ec tru m  w as obtained in th e  analogous re a c tio n  involving  
o c ta  —1* 7 -  d iyne, and again th e r e  was no t r a c e  o f  a ro m a tis a tio n  
p ro d u c ts  e th y l benzene o r  Ch-xylene*
E xp lan atio n s  o f  th is  anom aly* a p p a re n tly  involving so lvent 
p a rtic ip a tio n *  w e re  n o t read ily  fo rth c o m in g  u n til th e  re c e n t w o rk  
o f  C o re y  w as n o ted * H e  found t h a t  d im ethy l sulphoxide (111) 
in th e  p resen ce  o f  th e  s tro n g  base sodium hydrid e  fo rm e d  th e  
m ethylsulphinyl carbanion by p ro to n  a b s tra c t io n *  A d d itio n  o f  th e  
sulphoxide to  th e  t r ip le  bond o f  th e  acety len e  v ia  th is  carba.nion
could be v isua lised , b u t would lead to  a sulphoxide having v e ry  s tro n g
7® —1ab so rp tio n  In th e  in f ra r e d  around 1060 cm* T h is  w as n o t th e
case as th e  sp ec tru m  o f  th e  p ro d u c t w as in com plete  ag re em e n t
w ith  th e  sulphide, s t r u c tu r e  (117)* A  possible explanation is t h a t
th e  d im eth y l sulphoxide (111) d isp ro p o rtio n a ted  to  th e  sulphide (114)
and th e  sulphone (115) and t h a t  addition o f  th is  sulphide to  a t r ip le
bond to o k  p lace v ia  th e  corresponding carbanion* as shown,
t  -  butoxide replacing the hydride in Corey's work. The 
incidence of strong conjugated double bond absorption in the 
spectrum shows that sulphide addition has taken place mainly 
a t  one t r ip le  bond accompanied by iso m erisa tio n  a t  th e  o th e r *
T h e  a c tu a l p ro o f t h a t  s t r u c tu r e  (11?) w as p re s e n t w as  
n o t a t te m p te d , as th e  knowledge t h a t  d im eth y l sulphoxide w as  
useless as a  so lven t f o r  th e  a ro m a tis a tio n  o f  d iacety lenes  
a n sw e red  th e  orig ina l qu ery*
37
C O N C L U S IO N
A  num ber o f  diacelylenic hydrocarbons have been  
a ro rn a tised  by potassium  t  -  b u t oxide in diglym e to  m ix tu re s  o f  
th e ir  mono — and <□ -  d is u b s titu te d  benzenoid Iso m ers* In  th e s e  
p ro d u c ts , th e  m o s t sy m m e tric a l £  -  d is u b s titu te d  isom er 
p re d o m in a te s « D ie n -y n e s  b u t n o t te tra e n e ©  also undergo th e  
re a c tio n  which is genera l f o r  d iac e ty le n e s . T h e  mechanism is  
believed to  Involve D ie ls -A ld e r  cye lisa tio n  o f  a conjugated alien© — 
dien© in te rm e d ia te . -  m -  T o lu ic  acid has n o t been iso la ted
and it©  s t r u c tu r e  rem ains unknow n. A n  em pirica l re la tionsh ip  
b e tw e e n  th e  r a t io  o f  a lky l s u b s titu e n ts  in o -  d is u b s titu te d  
benzenoid isom ers  and th e ir  G . L . C *  re te n tio n  t im e s  is sugg ested .
T h e  ava ila b ility  o f  d iacety len es  leaves p len ty  o f  scope f o r  
fu t u r e  uses o f  th is  re a c t io n , p a r t ic u la r ly  in th e  fie ld  o f  




G E N E R A L .
U nless o th e rw is e  s ta te d , th e  fo llow ing  exp erim en ta l
conditions apply to  p a r ts  I ,  I I  and I I I .  T h e  in fra re d  s p e c tra
w e re  d e te rm in e d  on an In f r a c o r d  s p e c tro p h o to m e te r  and a re
—1c o rre c te d  to  th e  1603 cm . band o f  p o ly s ty re n e * T h e  w ave  
num bers quoted  in th e  3000 cm.""* region a r e ,  h o w e v e r ,  only 
believed to  be a c c u ra te  to  w ith in  ZQ cm.""* A c c u ra te  in fra re d  
s p e c tra  w e r e  m easured on a Unicam  model S * P .  100 m ark  I I  
equipped w ith  g ra t in g s . U lt r a v io le t  s p e c tra  w e r e  d e term in ed  
w ith  a U nicam  S . P .  500 q u a rtz  s p e c tro p h o to m e te r .
T h e  gas-liquid  chrom atograph ic  ( G .L * C . ) analyses w e r e  
run  on a P y e -A rg o n  chrom atograph  w ith  a column (130 x 0 .5  c m . )  
o f  85 -  100 mesh c e lite  using 5% A p iezon  fL f as th e  s ta tio n a ry  
p h ase . T h e  re la t iv e  am ounts o f  e lua tes  w e r e  based on th e  
m easu rem en t o f  peak a rea s  by means o f  a p la n irn e te r j th e  mean 
o f  six such d e te rm in a tio n s  being ta k e n . T h e  q u a n tita t iv e  re s u lts  
a re  th e r e fo r e  dependent on u n ifo rm  response by th e  ft  — ionising  
d e te c to r .
In  a n a ly tic a l G . L . C . s ,  th e  te rm  hnixed chrom atogram *  
means t h a t  a  m ix tu re  o f  known and unknown compounds was run  
and t h a t  one peak w as obtained w ith  an in crease  in a re a  
corresponding to  sum o f  th e  a rea s  o f  th e  tw o  compounds when  
ru n  s e p a ra te ly .
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Wo elm a lum ina, s tandard ised  by B rockm ann's  m ethod  
to  grade  V ,  w as used f o r  alumina c h ro m a to g rap h y • T h e  lig h t  
p e tro leu m  used had b . p .  60 -  8 0 ° .
M e ltin g  p o in ts  w e r e  ta k e n  on a K o f le r  h o t—s ta g e  and 
a r e  c o r r e c te d . T h e  fo llow ing te rm in a l d iacety lenes  w e r e  
p re p a re d  by th e  m ethod o f  B a d e r  e t  al . f o r  o c ta -1 , 7—diyne  
by th e  re a c tio n  o f  sodium a ee ty lid e  w ith  th e  corresponding ,
— dibrom oalkane* A f t e r  an explosion during th e  d is tilla tio n  
o f  h e p ta -1 , 6 -d iy n e , a l i t t le  hydroquinone was added to  th e  
a c e ty len es  b e fo r e  d is tilla t io n .
H e p ta  -1 , 6 -  diyne fro m  sodium (118 g . ,  5*1 m o l . ) ,  liquid
qB
ammonia (1800 m l . )  and 1, 3-d ib rom opropane ^  ( 2 5 2 . 5  g * ,
1 .25 m o l . ) ,  as  a colourless oil ( 3 2 . 4  g* > 2 8 $ ) ,  Y ie ld  decreased
O t"
by explosion during d is t illa t io n , b . p .  112-ll6°/760 m m . ,  n 
1 ,4 4 3 4 , (U 1 .5 ° /7 6 0  m m . ,  n ^  1 .4423)  f  R e d is tille d , b . p .
40 -  4 2 ° /3 ?  m m . ,  n ^  1 .4424,  \) liln i 3 2 40vs ,  2100m ( - G s C - ) ,max •
1930 w  (a lle n e ) and 1630w  cm ."^ .  T h e  <3. B . C .  o f  th is  p ro d u c t  
showed no dibrom ide and only t r a c e  am ounts o f  o le f in .
N ona —1, 8 —diyne*'** fro m  sodium (10 g . , 0 . 4 4  m o l . ) ,  liquid 
ammonia (150 m l . ) ,  1, 5 -d ib ro m o pentane (2 4 * 4  g * ,  0.11 m o l . ) ,  as 
a colourless oil ( 8 . 2 6  g . ,  6 5 $ ) ,  b . p .  5 0 ° /2 5  m m . ,  n 1 ,4500,
( b * p .  6 8 ° /2 9  m m . ,  n 1 . 4 5 0 0 ) , 17 'n) S a x . 3 2 5 0 ,  2105 c m .-1 .
D e c a  - I ,  9 -d iyn e  fro m  sodium (10 g . , 0 . 4 4  m o l . ) ,  liquid ammonia
(150 m l. )  and 1, 6-d ibrom ohexane ( 2 5 .9  g . ,  0.11 m o l . ) ,  as a 
colourless oil ( 6 .9  g . , 4 9 $ ) ,  b .p .  66 -  6 8 ° /l3  m m ., n ^  1 .4523 ,
3L7 0 ,
( b .p .  ?8 -  8 G °/2 9  m m ., n 1 .4 5 2 8 ), \) £ £ £  3 2 5 0 , 110 c m . " .lOcLX #
T h e  fo llow ing  te rm in a l diynes w e re  p rep ared  by o th e r
r o u te s . H e x a  —1, 5 -  diyne w as p re p a re d  by th e  m ethod o f
to
R aphael and S o n d h e im e r. D ia lly l (3 9 .6  g . , 0 .4 8  m o l.)  and 
brom ine (158 .4  g * , 0 .9 9  m o l.) gave 1, 2 ,  5 , 6 -  te tra b ro m o h e x a n e  
(130 g*» 68$) re c ry s ta llis e d  fro m  p e t r o l ,  m .p . 4 7 -4 9 ° *  5 5 -5 7 ° .  
T h e  isom ers  w e re  n o t s e p a ra te d .
D eh ydrobrorn in ation  o f  1, 2 ,  5* 6 -  te tra b ro m o h e x a n e  (100 .6  g . t 
0 .2 5  m o l.)  w ith  sodamide ( f ro m  sodium , 46  g . , 2 m o l.)  in liquid 
am m onia (600  m l.)  gave hexa -1 , 5-d iyn e  as a colourless oil
•ft
(9  g . , 4 5%) d is tilled  under n itro g e n , b .p .  7 5 -8 0 ° ,  n 1 ,4 374 ,
o o-a *  - 1  D 1( b .p .  8 7 -8 8  , n 1 .4 3 8 0 ), .9  1“ ^  3280 s , 2920m , 2120m c m ." 1.j‘3 max •
H eneicosa  -1 , 20 -d iyn e  (5 7 )  w as p re p a red  by th e  ro u te  shown  
op posite  page 11 •
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Dibrom oundeeylenie ac M  (5 1 ).
A  solu tion o f  brom ine (8 6  g . , 0 .5 4  m o l.)  in p e tro l  
(35 m l.)  w as added o v e r tw o  hours w ith  s t ir r in g  and cooling to  
undecylenic acid (5 0 )  ( 9 7 . 5  g . ,  0 . 5 4  m o l.)  in p e tro l (250 m l . ) .  
S t i r r in g  w as continued f o r  a f u r t h e r  tw o  hours and th e  m ix tu re  
allow ed to  s tan d  o v e rn ig h t. Rem oval o f  th e  so lven t gave th e
*  D is t illa t io n  c a rr ie d  o u t in a s tre a m  o f  n i t ro g e n . B . p . s  fro m
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dibrom ide (148 .5  g . , 82 % ) ,  m . p .  3 7 -3 8 ° .
Undec — 10 -  ynoic acid (5 2 )  ^
D ibrom oundecylenic acid (51) (113*5 g * , 0 . 3 6  m o l . )  w as
ohalved and each p o rtio n  h ea te d  a t  160 w ith  potassium  hydroxide
(86 g .) in w a te r  (52 m l . )  f o r  fo u r  h o u rs , allow ed to  s tand
o v e rn ig h t a t  room  te m p e ra tu re  and th e n  h e a te d  again f o r  a
f u r t h e r  fo u r  h o u rs . T h e  re a c tio n  m ix tu re s  w e re  cooled,
dissolved in w a te r  (750 m l . ) ,  a c id ified  to  Congo R ed  w ith  6 N
sulphuric a c id , e x tra c te d  w ith  e th e r  (4  x  125 m l . )  and th e
e x t r a c ts  combined and dried  w ith  magnesium su lp h a te . R em oval
o f  th e  so lven t and d is tilla tio n  gave th e  acid ( 4 6 . 8  g . ,  78%),
b.p# 124—1 2 8 ° /0 *25 m m . ,  m . p .  4 3 ° ( b . p . l 7 8 - 1 8 4 0 / l 5  m m . ,  m.p.43°)
U ndec -  10 -  ynoyl chloride ( 5 3 )  •
U ndec -  10 -  ynoic acid ( 5 2 )  (40  g . ,  0 . 2 2  m o l . )  was
h e a te d  w ith  th io n y l chloride (40  g . ,  2 4 . 4  m l . ,  0 . 3 3  m o l . )  on a
w a te r  b a th  a t  6 0 ° f o r  tw o  hours and th e n  on a  s team  b a th  u n til
evolution o f  sulphur dioxide and hydrogen chloride ceased (a  f u r t h e r
tw o  and a  h a lf  h o u r s ) .  E xcess  th io n y l chloride was th e n  rem oved
un der w a te r  pump p re s s u re  and th e  p ro d u c t d is tilled  to  give th e
chloride (3 8  g . ,  8 7 ? ) ,  b . p .  U 0 -U 6 ° /0 .3  m m . ,  M ^ i S .  3280m , 2U 5w ,
leOOvs (ac id  c h lo r id e ), 735s and 680s c m .“ * (c h lo r id e ).
b9K e te n e  d im er o f  undec -  10 -  ynoyl chloride ( 5 5 )  •
T h e  chloride (5 3 )  (17*35 g*, 0 . 0 8 7  m o l . )  w as s p lit in to  fo u r
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equal p o rtio n s  each o f  which was mixed w ith  tr ie th y la m in e  
(2 .71  g . ,  0 . 0 2 7  m o l . )  in d ry  benzene (60 m l . ) .  T h e  re a c tio n  
m ix tu re s  w e r e  allow ed to  s tand  o vern ig h t in t ig h t ly  s to p p ered  
f la s k s . T h e y  w e r e  th e n  combined and vigorously s t ir r e d  f o r  
th r e e  h o u rs . T h e  m ix tu re  was th e n  ac id ified  w ith  6N  sulphuric  
a c id , w a te r  ( c a .  100 m l . )  added and e x tra c te d  w ith  e th e r  
(4  x  100 m l * ) .  T h e  e x t ra c ts  w e re  washed w ith  w a t e r ,  d ilu te  
s a lt  s o lu tio n , d ried  and decolourised w ith  magnesium s u lp h a te / 
charco al and th e  so lven t rem oved to  give a yellow  oil \) 3 290 ,IjUOlik #
—12U 0, 1870 and 1820 cm . ( o - la c to n e ) , which w as decomposed  
im m e d ia te ly .
D eco m p osition  o f  th e  K e te n e  d im er
T h e  yellow  oil was mixed w ith  ethanol (125 m l . ) ,  w a te r  
(10 m l . )  and potassium  hydroxide (13 g . )  and a f t e r  standing a t  
room  te m p e ra tu re  f o r  f o r t y —eigh t h o u rs , w as re flu x e d  f o r  fo u r  
h o u rs . Cooling then  gave c ry s ta ls  o f  heneicosa -1 , 2 0 -d iy n  - l i ­
on® (5 6 )  (13*6 g . f 41*3$ fro m  undecynoic a c id ) .  R e c ry s ta llis e d  
as w h ite  p la te s  m . p .  4 6 -4 7 °  fro m  aqueous m eth ano l, Ni 
3 2 ?0 m , 2110w , 1700s and tw in  peaks a t  ?22m and 728m ( [C H 2] ) • 
(F o u n d * C ,  83.41? H ,  1 0 .9 9 . 0 2 \ O  re q u ire s  C ,  8 3 .3 8 *
H ,  11 .33$). T h e  in fra r e d  sp ectru m  showed w eak ab sorp tio n  
b e tw e e n  1600-1640 c m ," 1 in d icating  t h a t  some isornerisation  had ta k e n  
place* T h is  w as unavoidable and was rem oved a t  a la te r
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ch ro m ato g rap h y  s ta ge *
Clemrnenson R ed u ctio n  o f  heneicosa -  1, 2 0 -diyn -  11 -  one (5 6 )
T h e  zinc amalgam was p rep ared  by shaking zinc d u st
(10 g . ) ,  m e rc u ric  chloride (1 g . ) ,  c o n c e n tra te d  hydroch lo ric  acid
(1 m l* )  and w a te r  (15 m l* )  to g e th e r  f o r  f iv e  m in u te s . T h e
s u p e rn a ta n t liquid w as d e c a n te d , th e  amalgam washed se vera l
tim e s  w ith  w a te r  and used in th e  reduction s  below.
R ed u ctio n  w ith o u t a co -so lven ts  T h e  zinc amalgam was covered
w ith  w a te r  ( 7 * 5  m l . )  and c o n c e n tra te d  hydroch loric  ac id , th e
k e to n e  im m edia te ly  added and th e  m ix tu re  re flu x e d  f o r  e ig h ty -s e v e n
h o u rs . T h e  in fra re d  sp ec tru m  o f  an a liq uo t a t  th is  p o in t showed
considerable carbonyl a b s o rp tio n , so th e  re a c tio n  w as re p e a te d  f o r
a f u r t h e r  e igh ty  h o u rs , e x tra c te d  w ith  4 0 -6 0 °  p e tro l (4  x  50 m l . ) ,
d ried  w ith  magnesium sulphate and th e  so lvent rem oved to  give a
w hit®  low  m elting  solid (1.52 g . ) .  C h ro m ato g rap h y  o f  th is  p ro d u c t
on grade  V  alumina (50 g . )  gave th r e e  f ra c t io n s .
F r a c t io n  1. (490 m g . ) ,  e lution w ith  p e t r o l,  \) me*t  3 3 0 0 w ,max,
1630m, 990s ( - C H  = C —) ,  915s c m ," 1 {= C H g ) (M ix tu re  o f  e n -y n e s ) . 
F ra c t io n  2 .  (280  m g . ) ,  e lution w ith  p e t r o l,  \) 3300 s ,IXlCLJv •
1630w , 9 9 0 w ,  915w c m ." 1 (m ix tu re  o f  req u ired  diyne and en -yn e )
F ra c t io n  3 .  (5 9  m g . ) ,  e lu tion  w ith  5 0 /5 0  p e tro l-b e n z e n e ,
\) m e lt 3 300w ,  1700s, 1630m, 990s ,  915s c m ." 1 (m ix tu re  o f  m a x .
en -yn —on es) •
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F ra c t io n  2 was rech ro m ato g rap h ed  on grade V  alumina (50  g . ) ,  
elu tion  w ith  p e t r o l,  and tw o  main fra c t io n s  o b ta in ed .
F ra c t io n  2 ( i ) ,  (152 m g . ) ,  \) 3300s ,  1630w c m .” 1
U l Q .X •
(m ix tu re  o f  diyne and e n -y n e ) .
F ra c t io n  2 ( i i ) ,  (82  m g . ) ,  no o le fin ic  o r  carbonyl ab so rp tio n  and 
th e  in fra re d  s p e c tra  is as expected  f o r  heneicosa -1 , 20-d iyn e  
w ith  a  s in g le t a t  735ms cm.*"1 ( -  [cHg~] -)
T h u s  iso m erisa tio n  during re d u c tio n  re n d e rs  th is  m ethod com pletely  
im p ra c tic a b le .
R ed u ctio n  w ith  a c o -s o lv e n t p re s e n t*  T h e  red u c tio n  was p e rfo rm e d  
on th e  k e to n e  (500 m g . )  w ith  th e  same reducing system  as above  
b u t contain ing dioxan ( ca .  10 m l . )  T h e  m ix tu re  w as re flu x e d
f o r  n in e ty  m in u tes , m ore c o n c e n tra te d  hydroch loric  acid (5  m l . )  
added and re flu x in g  continued f o r  a f u r t h e r  n in e ty  m in u tes . T h e  
in f ra re d  sp ec tru m  o f  an a liq uo t showed carbonyl a b s o rp tio n , so 
th e  red u c tio n  w as allow ed to  continue f o r  a f u r t h e r  th r e e  h o u rs . 
E x tr a c t io n  as above gave a p ro d u c t (500 m g . )  contain ing a l i t t le  
o le fin  which rem oved by alumina chrom atography (g ra d e  V ,  50 g . )  
to  give th e  re q u ire d  heneicosa -1 , 20—diyne (5 7 )  as a w h ite  w ax  
( 2 3 9  m g . ,  50% ) ,  m . p .  4 7 -4 8 °  ( f r o m  m e th a n o l), \) 3300s ,
2110 w —m , 725b c m . -1 (F o u n d i C ,  8 7 .2 8 ;  H ,  1 2 .6 6 . C gl H 36  
re q u ire s  C ,  8 7 .4 2 }  H ,  12 .5 8 & ) .  A n a ly tic a l G . L . C .  a t  196°,
A rg o n  f lo w  r a te  o f  49 m l. /m in . gave s u b stan tia lly  one peak R rp 34 .4  
m in.
T h e  re d u c tio n  t im e  is v e ry  cruc ia l and b e t t e r  re s u lts  would 
have been ob ta ined i f  th e  re a c tio n  tim e  in th e  above red u c tio n  
had been ab o u t fo u r  and a h a lf  in s tead  o f  six h o u rs , unchanged 
k e to n e  being m ore read ily  separable  fro m  th e  diyne th a n  any o f  
th e  is o m erisa tio n  products#
N ona - 2 ,  7 -  diyne w as p re p a red  fro m  h e p ta  -1 , 6 -d iyn e  by th e  
m ethod o f  H enne and Q re e n le e .^  Th us  a p re p a ra tio n  involving  
sodium (3  g * « 0*13  m o l# ) ,  liquid ammonia (100 m l# ) ,  h e p ta  -1 ,
6-diyn© ( 4 * 5  g»# 0 .0 4 9  m o l . )  and m eth y l brom ide ( c a .  12 m l . )  
gave nona - 2 ,  7-d iyne as a colourless liquid ( 3 * 3  g*> 67%)»
_ p i .  Of) 36
b.p#  6 7  / U  m m#,  n d 1 .4660 , (1 8 0°/76 0  m m . ,  n 1.4674) $
V 2 0 60 w cm • “ *m ax.
S a t is fa c to r y  re s u lts  w e r e  only obtained when m eth y l brom ide was  
s u b s titu te d  f o r  th e  recom m ended m eth y l iodide. T h e  b rom id e, 
a  gas a t  room  te m p e ra tu re , w as simply bubbled in to  th e  
disodioacety lide  suspension in liquid ammonia w h ere  i t  condensed.
Q c ta  —3 , 5—diyne ^  w as p rep ared  by th e  addition o f  e th y l iodide 
to  th e  disodium s a lt o f  bu tad iyne , i t s e l f  p rep ared  in s itu  by th e  
dehydrohalogenation o f  1, 4—dich lorobut -2  -y n e  w ith  sod&mid© in 
liquid am m onia, as described by «Jones and W h itin g .
1, 4 -  D ic h lo ro b u t -  2 -  yne w as p rep ared  as described by 
.Johnson by ch lo rina tion  o f  b u t—2-y n e  -1 , 4 -dbd  (2 5  g * » 0 .2 9  m o l . )  
w ith  th io n y l ch loride (50  m l . )  in pyrid ine (4 5  m l * ) .  T h e  chloride
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was ob ta ined  as a  colourless oil ( 2 1 ,3 5  g . , 6 3 $ ) ,  b . p ,  5 8 ° / l 2  m m . ,
PI •'"'A !l9
n 1 .5050 ,  ( b . p .  S3°/17  m m . ,  n “ °  1 .5072)
i:> b
O c ta  - 3 1 5- diyne fro m  1, 4 -  d ich lorobut -  2 -  yne (10 g . ,
Q.083 m o l . ) ,  sodamide ( f r o m  sodium 7 .7  g , , 0 .3 3  m o l . ) ,  liquid 
ammonia (150  m l . )  and e th y l brom ide ( 19*6  g . , 0 ,2 2  m o l . )  as a 
colourless oil ( 4 *5 2  g . , 5 4 $ ) ,  b . p .  5 4 -5 6 ° / l7  m m . ,  n ^  1.4931*Lb
O O ^  I
(n  ^  1. 4 9 2 8 ) ,  ^ film  2150w , 2180w  cm . " 1t> max.
E th y l brom ide w as found to  be a m ore s a t is fa c to r y  e th y la tin g  
a g e n t th a n  th e  recom m ended e th y l iodide.
C y c lo te tra d e c a  -1 , 8 - diyne Nona -1 , 8 —diyne (1 g . , 0 .0 0 8 3  m o l . )
in d ry  e th e r  ( 3 5  m l . )  was added o v er f i f t e e n  m inutes w ith  vigorous  
s t ir r in g  to  a solution o f  sodamide ( f r o m  sodium , 0 . 4  g . ,  0 .0 1 7  m o l . )  
In liquid ammonia (1 1 , ) ,  and a f t e r  tw o  hours 1, 5 -d ib rom opentane  
( 1*92  g . , 0 .0 0 8 4  m o l . )  in d ry  e th e r  (100 m l . )  was added o v e r a 
f u r t h e r  tw o  h o u rs . T h is  m ix tu re  w as s t ir r e d  o v e rn ig h t, c o tto n ­
wool lagging being used as in su la tio n , ammonium chloride ( c a .  2 g . )  
and m ore  e th e r  (200 m l . )  added and th e  ammonia allowed to  
e v a p o ra te  o f f .  W a te r  (100 m l . )  w as th e n  added, th e  e th e r  la y e r  
s e p a ra te d  and th e  aqueous la y e r  e x tra c te d  w ith  e th e r  (3  x 50 m l . ) .  
T h e  e th e re a l e x t r a c ts  w e re  com bined, washed w ith  2N  sulphuric acid  
(100 m l . ) ,  s a tu ra te d  sodium carb o n a te  solution (100 m l . ) ,  w a te r  
(100 m l . )  and d ried  w ith  magnesium s u lp h a te . R em oval o f  th e  
so lven t gave an oily yellow  solid which was im m ediate ly
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chrom atographed  th ro u g h  grade V  alumina (40  g * ) to  give 
th e  diyne as colourless p la te s  (0 *5 3 6  g , ,  34$)»  m . p .  9 7 * 5 - 9 8 ° /  
fro m  aqueous m ethanol « (Founds C ,  89*08; H ,  10.62*
C a lc * f o r  H 20 s C t 6 9 *2 9 ;  H f 10*71$)*
I P  Q M  J±» R I  S A T  I  ON S  •
Preliminary isomerisations of hepta -1, 6~diyne.
T h e  e ff ic ie n c y  o f  th e  various basic system s lis te d  in 
ta b le  1, page 10 to  ca ta lys e  p ro to tro p ic  re a rra n g e m e n t o f  
h e p ta  —1, 6 -d iyn e  to  to luene w e r e  d e te rm in ed  by assessing th e  
re la t iv e  am ounts o f  te rm in a l a c e ty le n e , a llen e , e th y le n e , vinyl 
e th e r  and to luene  p re s e n t in th e  in fra re d  s p e c tra  o f  th e  p ro d u c ts  
obta ined by re flu x in g  th e  diyne w ith  th e s e  basic system s f o r  
Suitab le t im e s . T h e  re s u lts  a re  ta b u la te d  in ta b le  2 .  T h e  b e s t  
system  f o r  th e  a ro m a tis a tio n  w as 10$ potassium  t-b u to x id e  in 
dig lym e.
Is o m e ris a tio n  o f  D ia c e ty le n es
In  every  case th e  a ro m a tis a tio n  w as accomplished by 
re flu x in g  th e  diyne w ith  10$ potassium  t-b u to x id e  in diglyme  
(3  g* o f  bu toxide used f o r  every  0 .5  g* o f  d iy n e ). T h e  
t£~butoxide ( f r o m  d ry  t —b u tan o l) w as p r e - t r e a te d  b e fo re  use by 
h ea tin g  a t  160° under oil pump p re s s u re  u n til sublim ation s ta r te d .
T h e  diglym e w as dried  by d is tilla tio n  fro m  sodium b e fo re  use and 
th e  is o m e ra tio n s  w e re  p e rfo rm e d  under a s tre a m  o f  d ry  n itro g e n . 
T h e  re a c tio n  p ro d u c ts  w e re  w orked up by in it ia l d ilu tion  w ith  w a t e r ,  
e x tra c t io n  w ith  n—p e n ta n e , washing a t  le a s t six tim e s  w ith  w a t e r ,  
to  e f f e c t  rem o val o f  th e  d ig lym e, drying w ith  magnesium sulphate
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and rem o val o f  th e  so lvent under w a te r  pump p re s s u re *
G * L * C *  analysis o f  th e  p ro d u cts  w as c a rr ie d  o u t on a P y e -A rg o n  
chrom atograph  • T h e  a re a s  w e r e  m easured w ith  a p lan im ete r  
and th e  mean o f  six such readings ta k e n * T h e  inaccuracy  in 
re p ro d u c ib ility  o f  th e  P y e -A rg o n  ap p a ra tu s  is ±7% and since 
compounds o f  th e  same ty p e  w e r e  generally  examined d if fe re n c e s  
in th e  p> -io n is a tio n  d e te c to r  response should be sm all*
In a c c u ra c ie s  a re  th e r e fo r e  n o t believed to  be g r e a te r  th a n  ±7%* 
A lka lin e  perm an ganate  oxidation o f  th e  a ro m a tic  p ro d u c ts*
A  ty p ic a l exam ple is th e  oxidation o f  Q -x y le n e a -  
O -x y le n e  (0*126 g . ,  0*0012 m ol* )  was re flu x e d  w ith  t -b u ta n o l  
(5  m l * ) ,  w a te r  (7  m l * ) ,  sodium carb o n a te  ( ca .  0 * 5  g * ) and 
potassium  p erm an g an ate  ( 0 * 8  g . , 0 .0 0 5  mol* )  f o r  fo u r  h o u rs*
T h e  m ix tu re  was th e n  cooled, ac id ified  w ith  6N  sulphuric acid  
and re flu x e d  f o r  a f u r t h e r  t h i r t y  m inu tes* Solid  sodium bisu lph ite  
w as th e n  added to  rem ove p re c ip ita te d  manganese dioxide, and th e  
re s u ltin g  c le a r solution e x tra c te d  w ith  e th e r  (3  x  20 m l * ) ,  th e  
e x tr a c ts  washed w ith  s a tu ra te d  s a lt  solution and dried  w ith  
magnesium su lp hate* R em oval o f  th e  so lvents  gave ph thalic  acid  
(0*174 g * ,  88$)  sublimed a t  100-140°/0 .1  mm* as phthalic  anhydride , 
m .p *  and mixed m .p *  131°»
A ll  ox idations o f  th e  isom © ration p ro d u cts  w e re  c a rr ie d  o u t in th is  
w ay genera lly  on c a . 100 mg* o f  p ro d u c t and using an excess o f
p e rm a n g a n a te . R es u ltin g  m ix tu re s  o f  benzoic and phthalic  
acids w e r e  easily s e p a ra te d  by sublim ation; th e  fo r m e r  subliming 
a t  a much lo w e r te m p e ra tu re .
A t te m p te d  is o m erisa tio n  o f  h e x a -1. 5 -diyne (ta b le  2 ,  ru n  1)
A liq u o ts  rem oved fro m  an a tte m p te d  iso m erisa tio n  o f  
hexa —1, 5—diyne ( 0 . 5  g * )  a f t e r  re a c tio n  tim e s  o f  o n e , th r e e  and 
seven ho urs  had s u b s ta n tia lly  th e  same in fra re d  s p e c tra , 'n)
3010 (H  — C  = C  - ) ,  1530 and 1570 (conjugated  double bond) ,
I3 6 O C H ^ ) ,  1200 — 1050 (e th e r )  and 890 cm ."“* ( t -b u to x id e ) .
T h e  p ro d u c t a f t e r  seven hours was re flu x e d  w ith  tw ic e  i ts  volume  
o f  3 N  hydroch loric  a c id , e x tra c te d  w ith  e th e r ,  washed w ith  sodium 
b ic a rb o n a te , w a te r  and d ried  w ith  magnesium su lphate  to  give a  
b ro w n  oil \) 3350 (in te rm o le c u la r bonded O H ) ,  1710 -  1590
broad  ab so rp tio n  w ith  peaks a t  1710, 1680, I6h0 and 1590 cm.""* 
(con jugated  d iene-one) •
T h e  hydro lysed  p ro d u c t gave a d a rk  re d  p re c ip ita te  fro m  B rady*s  
solution which darkened rapid ly  an a tte m p te d  c ry s ta llis a tio n  fro m  
e th a n o l, a c e tic  ac id , and e th y l a c e ta te  giving insoluble res id u es . 
A ro m a tis a tio n  o f  th e  h e x a - l, 5 -d iyne had obviously n o t ta k e n  place  
and th e  p ro d u c t w as n o t in ve s tig a te d  f u r t h e r .
Is o m e ris a tio n  o f  h e p ta  -1 , 6 -  diyne ( ta b le  2 ,  run  2 ) .
T r e a tm e n t  o f  th e  diyne w ith  th e  basic system  a t  130°
*  I  1
f o r  f i f t e e n  m inutes gave a p ro d u c t \) m a x . ?27s e r a ( H —C  s C )  
com plete ly  a b s e n t.
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A n  Iso m eris a tio n  o f  th e  diyne (1 g . )  a t  re f lu x  f o r  fo u r
hours gave a p ro d u c t ( 0 . 8 7  g . ) . T h is  p ro d u c t ( 0 . ? 6  g . )  on
oxidation  w ith  p erm an ganate  gave benzoic acid ( 0.11 g . ) , m . p .  and 
omixed m . p .  123 . Com parison w ith  an id en tica l ox idation  o f
to luene (1 g . )  , in which th e  yield o f  benzoic acid w as 84$»
in d ica ted  t h a t  th e  yield o f  to luene fro m  h e p ta  —1, 6—diyne w as  
2 2 $ .
Y ie ld  o f  to lu en e  by in fra re d  analysis w as d e te rm in ed  by com paring  
th e  o p tic a l d en s ity  o f  th e  Y— C H  band a t  72? cm produced by 
carbon disulphide solutions o f  to luene and isom erised p ro d u c t.
T h e  re s u lts  a re  given below *
T o lu en e  ( m g . )  in O p tic a l d en s ity
10 m l. o f  C S g  solution
16.24  1.9
8 .6 2  1*03
5.68  0.658
P ro d u c t a t  
sam e d ilu tion
2 2 . 4  0 .7
2 2 .4  m g . o f  p ro d u c t th e r e fo r e  contain  6 . 0 5  m g. o f  to luene
corresponding to  a  yield o f  3 5 $ fro m  th e  diyne.
Is o m e ris a tio n  o f  o c ta  -1 , 7-d iyn e  ( ta b le  2 ,  page , ru n  3 )
T h e  diyne ( 0 .5 5 3  g . )  was re flu x e d  w ith  th e  basic system
and an a liq uot ( 5  m l . ) ,  rem oved a f t e r  one h o u r, w as com pletely
f r e e  o f  te rm in a l a c e ty le n e . T h e  re a c tio n  w as allowed to  continue
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f o r  a  f u r t h e r  six hours  and gave, on w orking  u p , an oil
( 0 . 4  g * )»  ^ max* 745vs, ?00s cm*  ̂( Y — C H  o f  Q —x y le n e ^
—1 72 —i741 cm * , o f  e th y l benzene 6 9 6  cm .
P e rm a n g a n a te  oxidation o f  th e  p ro d u c t*
T h e  p ro d u c t ( 0 *3 9  g . )  on oxidation w ith  alkaline
p erm an g an a te  gave a w h ite  solid ( 0 . 4 2  g . )  which sublimed to  give
m ainly p h th a lic  anhydrid e , m . p .  and mixed m . p .  131-132°, and a
t r a c e  o f  benzoic acid m .p *  122°. A cco untin g  f o r  a  yield o f  88$
( f r o m  th e  id en tica l oxidation o f  o—xylene) and th e  presen ce o f
6 0 .8 $  o f  o -xy len e  in th e  p ro d u c t, by q u a n tita t iv e  in fra re d  analys is ,
th is  oxid ation  re s u lt  in d icates  th e  presence o f  22$ o f  e th y l
benzene in th e  iso m erisa tio n  p ro d u c t. T h e  yield o f  a ro m a tic
isom ers  fro m  o c ta  -1 , 7 -  diyne is th e r e fo r e  72$ .
Is o m e ris a tio n  o f  o c ta  - 3 ,  5-d iyn e  (ta b le  2 ,  page , run  4 )
T h e  diyne ( 0 . 5  S*)  was re flu x e d  w ith  th e  basic system
and an a liq u o t (5  m i . ) ,  rem oved a f t e r  tw e lv e  h o u rs , showed
s tro n g  if —C H  a ro m a tic  in fra re d  a b s o rp tio n . A f t e r  f i f t e e n
h o urs  th e  re a c tio n  w as w orked  up to  give th e  p ro d u c t (0*31 g . ) ,
b .p *  146-149°/760  m m . ,  n ^  1.4995 (K th y l benzene, b . p .  I3 6  $
o -x y le n e , b . p .  144°, n 1.5058) In f r a r e d  spectru m  identica l
to  t h a t  o f  t i ie  p ro d u c t fro m  o c ta  -1 , 7 -  d iyne.
P e rm a n g a n a te  oxidation  o f  th e  p rod uct (0.102 g . ) gave a w h ite
p o w d er (0.115 g . )  sublimed to  benzoic acid m . p .  and mixed m . p .
119.5 -  121°f and ph thalic  anhydride m . p .  and mixed m . p .  131-132°.
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A n a ly tic a l G . L / . C .  o f  th e  p ro d u ct (ta b le  3 ,  page ];, ) showed  
t h a t  i t  consisted  o f  th r e e  com ponents, tw o  o f  which w e re  
id e n tif ie d  by mixed chrom atogram s as e th y l benzene and CD-xylene 
as 28 and 64$ o f  th e  p ro d u c t. T h e  th ird  com ponent is unknow n. 
T h e  yield o f  a ro m a tic  isom ers fro m  th e  diyne was th e r e fo r e  6 8$ .  
Is o m e ris a tio n  o f  Nona —1, 8 -  d iyne . (ta b le  2 ,  page 12 , run  5 )
T h e  diyne was re flu x e d  w ith  th e  basic system  f o r  six 
h o u rs . T h e  in fra re d  s p e c tra  o f  a liquots  ( 4 - 6  and 5 m l . )  rem oved  
a f t e r  one and f iv e  h o u rs , w e r e  id en tica l to  t h a t  o f  th e  fin a l 
p ro d u c t ( 0 . 2 ?  g . ) ,  M 795 , 756 , 732 ( i f -  C H  o f  Q -e th y l
toluene) and 7 k 0 ,  698 c m ." ' { Y -  C H  o f  n -  p ropyl benzene). 
P erm an g an ate  oxidation o f  th e  p ro d u c t•
(0.12 g . )  gave a w h ite  solid (0.13 g . )  which sublimed a t  l6 0 ° /? 6 0  
m m . to  benzoic ac id , m . p ,  120°, and ph tia lic  acid m . p .  197° 
( in d e f in ite ) .  A ssum ing t h a t  th e  p ro d u c t is mainly o—ethyl to luene  
and t h a t  th e  yield in oxidation is c a . 8 8$ ,  p ro d u c t contains  
c a . 89$ o f  o -e th y l to lu e n e .
A n a ly tic a l G . L . C .  o f  th e  p ro d u c t (ta b le  4 ,  page 15 ) revealed  
th e  p resen ce  o f  th r e e  peaks p re s e n t as 6 , 1? and 77$ o f  th e  
p ro d u c t. T h e  f i r s t  o f  th e s e  was id e n tifie d  by a mixed 
c h ro m ato g ram  as n — prop yl benzene and th e  la s t ,  from  th e  
in f r a r e d ,  is probably Q —e th y l to lu e n e . T h e  yield o f  arom atic  
isom ers  fro m  nona - 1 ,  8—diyne is th e r e fo r e  69$*
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Is o m e ris a tio n  o f  nona - 2 ,  7~diyne (ta b le  2 ,  page 12 f run  6 )
T h e  diyne ( 0 * 5  g . )  a f t e r  seven hours gave an oil ( 0 *3 5  g . ) * 
T h e  in fra re d  s p e c tra  o f  th e  p ro d u ct and t h a t  o f  an a liq uo t (4 * 7  m l . ) ,  
rem oved a f t e r  one h o u r, w e r e  iden tica l to  th a t  o f  th e  iso m erisa tio n  
p ro d u c t o f  nona -1 , 6 -  diyne above*
P erm an g an at e oxidation o f  th e  p ro d u c t•
( 0 . 3 5  g * ) gave a brow n pow der ( 0 . 4  g . )  which sublimed to
benzoic a c id , m . p .  120°, and phthalic  anhydride m . p .  and mixed
m . p .  131—131.5 °*  Assum ing again th a t  th e  yield in oxidation was
88% and t h a t  th e  main com ponent was o -e th y l to lu e n e , th is
oxidation in d ica tes  t h a t  th e  p ro d u c t contains 94$ o f  o -e th y l to lu e n e .
C om paring th is  w ith  th e  value (89%) obtained above, th e  yield o f
a ro m a tic  isom ere  o f  nona - 2 ,  7 -  diyne is c a . 70$.
Is o m e ris a tio n  o f  deca -1 , 9 -  diyne (ta b le  2 , page 12, ru n  7)
T h is  diyne ( 2 . 6  g . )  on t r e a tm e n t  under iso m erisa tio n
film
conditions f o r  e ighteen hours gave an oil (1.72 g . ) ,  \) m ax. ?90w,
745s, ?10m and 700w cm. * ( H -  C H  v ib ra tio n s  in a m ix tu re  o f  
o - i is u b s t itu te d  benzenoid isom ersj  700 cm.~* possibly mono­
s u b s titu te d  isom er)  •
A n a ly tic a l G . C . C .  o f  p ro d u c t ( ta b le  6 , page 17 ) showed one peak  
w ith  a shoulder ( c a .  5%)* T h e  re te n tio n  tim es  o f  th e  shoulder 
and n — b u ty l benzene w e re  th e  same and d if fe r e d  fro m  t h a t  o f  
th e  main peak by only 0 .6  m in u tes . A  mixed chrom atogram  w ith  
n — b u ty l benzene th e r e fo r e  only broadened th e  main peak w ith o u t
s e p a ra tio n . T h e  main peak is presum ed to  consis t o f  
o -n —propyl to luene and o—d ieth y l benzene as c a . 95$ o f  th e  
p ro d u c t. T h e  yield o f  a ro m a tic  isom ers fro m  deca -1 , 9 -d iyn e  
is th e n  c a . 66$ .
Is o m e ris a tio n  o f  te tra d e c a  -1 . 13-d iyn e  ( ta b le  2 ,  page 12 , ru n  8 )  
Is o m e ris a tio n  o f  th is  diyne ( 0 . 5  g * )  f o r  e ighteen hours  
gave an oil ( 0 . 3 7  g . ) »  A) 750 b r . s ,  710w c m ," 1llluA i
P e rm a n g a n a te  oxidation  o f  th e  p ro d u ct ( 0 . 3  g . )  gave a  g rey  
p o w d er (0 .1  g . )  sublimed as ph thalic  anhydride m . p .  and mixed 
m . p .  131.5 -  132°* A ssum ing a yield o f  8 0$ ,  th is  oxidation  
corresponds to  48$ o f  O -d is u b s titu te d  a ro m a tic  isom ers in 
th e  p ro d u c t.
A n a ly tic a l G . L . . C .  o f  th e  p ro d u c t ( f i g .  1, page 17 ) revea led  th e  
presen ce  o f  a t  le a s t six com ponents tw o  o f  w h ich , o ccu rrin g  as  
52 and 2 3 $ o f  th e  p ro d u c t, w e re  se p a ra te d  by p re p a ra t iv e  G . L . C .  
on 'the P y e -A rg o n  ap p ara tu s  using a 10$ A pieson ’L *  column 
(130 x  1 c m . )  a t  115° and an A rg o n  f lo w - r a t e  o f  0.15 l . /m in .
A  s e rie s  o f  10 1. samples w e r e  in jec ted  on to  th e  column and
th e  s e p a ra te d  f ra c t io n s  w e re  trap p e d  in a U —tu b e  im m ersed in a 
d ric o ld /a c e to n e  m ix tu re *  A lthough considerable tro u b le  w as ta k e n  
to  ensure  t h a t  no m o is tu re  e n te re d  th e  t r a p s ,  th e  co llected  
fra c tio n ®  w e re  in ev itab ly  w e t ,  m o is tu re  presum ably e n te re d  during  
th e  s h o r t  periods ju s t  b e fo re  and a f t e r  collection when th e  drying
tu b e s  w e r e  rem o ved . T h e  presence o f  m o is tu re  made 
q u a lita t iv e  in f ra r e d  analysis impossible and th e  solutions in 
carbon disulphide w e r e  dried  and d ilu ted u n til su itab le  s p e c tra  
w e re  obtained# T h e  Unicam  in fra re d  s p e c tra  o f  th e s e  f ra c t io n s  
a r e  reproduced  in fig s *  2 and 3 * T h e  mass s p e c tra  ( f igs# 4 and 5)  
o f  th e s e  f ra c t io n s  showed t h a t  th e  com ponent p re s e n t as 52% 
w as Q —bibuty l benzene (6 4 )  and t h a t  in 23% as o—n -p e n ty  1— n~ 
prop yl benzene ( 6 5 ) *  T h e  com ponent w ith  a longer re te n tio n  
t im e  th a n  th e s e  tw o  and p re s e n t as 7% o f  th e  m ix tu re  was  
probably O^-n-hexylethyl benzene# T h e  yield o f  th e s e  th r e e  
isom ers  w as 62% fro m  te tra d e c a  —1, 13—diyne,
Is o m e ris a tio n  o f  heneicosa -1 , 20 -d iyn e  (5 7 )  ( ta b le  2 ,  page 1 2 ,run  9 )
Is o m e ris a tio n  o f  th is  diyne (180 m g , )  f o r  tw e n ty —fo u r
ho u rs  gave an oil (153 m g , ) ,  m a x . 980 ,  960 ( t r a n s  double bond),
753,  725 ,  715 c m ," 1 (m ix tu re  o f  Q - d is u b a titu te d  ben ze n e s ) .
H yd ro g en atio n  o f  th e  isom erisation  p ro d u c t (150 mg#)
in cyclohexane ( 2 5  m l* )  o v e r 10$ pallad ium /charcoal re s u lte d  in th e
u p ta k e  o f  12 m l, o f  hydrogen corresponding to  th e  hydrogenation
o f  on® double bond equivalent# T h is  corresponds to  a yield o f
a ro m a tic  compounds o f  75$ provided t h a t  th e  reduced m a te ria ls
w e re  m on-cyclic . T h e  p ro d u c t, an o il, now had peaks in th e
in f ra r e d  a t  2670w ,  810w  (cycloalkane ? ) ,  and 753,  725 cm ,"'1 
T h e  G . l b . C .  o f  th e  hydrogenated  p ro d u ct ( f i g ,  6)  contained e igh t
peak®, f iv e  o f  which w e r e  assigned to  isom ers n—hep t y l—n—o c ty l
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benzene (6 ? )  to  n -prop yl~n-dod ecyl benzene (71) as 73% o f  th e
m ix tu re *  T h e  yield o f  a ro m a tic  isom ers fro m  th e  m ix tu re  w as
64$* R e p e a te d  a t te m p ts  to  s e p a ra te  th e  main peaks by
p re p a ra tiv e  G .L . . C . , using th e  G as—liquid C hrom ato brap h ic
C om pany’s a p p a ra tu s  w ith  10% A p iezon ’L,’ column, fa ile d  because
o f  continual bleeding o f  th e  s ta tio n a ry  phase*
Is o m e ris a tio n  o f  c y c lo te tra d e c a  -1 , 8—diyne ( ta b le  2 ,  ru n  10)
T h is  diyne (150 m g . )  a f t e r  s ix teen  hours gave a colourless
oil (133 m g . ) ,  ^ <310m , 780m , 768m , 746s, 728m and 696w
—1cm . A n a ly tic a l G . L . . C .  ( ta b le  7 , run  3 ) showed fo u r  peaks X ,
Y ,  Z  and s ta r t in g  m a te r ia l in 2 ,  2 0 , 69 *4  and 8 . 4 $  re s p e c tiv e ly .
T h e  la s t  peak was id e n tifie d  by mixed chrom atogram s (ta b le  7*
runs 1, 2 ,  4 ) *  C o m p le te  hydrogenation  o f  th e  p ro d u c t (110 m g . )
gave th e  p ro d u c t as an oil (100 m g . ) ,  \) 780,  768 , 74 6 , 728m&x o
and 6 9 6  cm .~*  A n a ly tic a l G . C . C .  ( ta b le  7 , run 5 ) showed t h a t  
th e  c y c lo te tra d e c a  - 4 ,  8-d iyn e  had been reduced q u an ta tive ly  t o ,  
presu m ab ly , c y c lo te tra d e c a n e  and unknown X  to  a m ix tu re  o f  tw o  
new  unknow ns. T h e  re te n tio n  o f  com ponents Y  and 23 rem ained  
unchanged. A t te m p ts  to  s e p a ra te  th e  m ix tu re  by alumina 
ch ro m ato g rap h y  fa ile d . Com ponent S3 is probably benzocyclodecene  
obta ined  in 62$ yield fro m  th e  diyne.
Is o m e ris a tio n  o f  bis-e th y n y lc y c lo h e x -l-e n e  ( ta b le  2 ,  ru n  11).
T h e  diyne (400 m g . )  a f t e r  f i f t e e n  hours gave a brow n  
oil (166 m g . ) ,  G . L . C .  analysis and mixed chrom atogram  w ith
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1, 4-*diph@nyi bu tan e  showed one peak a t  1 5 3 .5 ° ,  A rg o n  f lo w - r a t e  
40 m l . / m i n . , Rrp 6 3 . 6  m in. A lum ina chrom atography gave a 
colourless low  m eltin g  solid, in fra re d  spectru m  id en tica l to  t h a t  
o f  1, 4~d iphenylbutane. T h e  yield o f  diphenyl bu tan e  w as kZ%*
Is o m e ris a tio n  o f  d ipropargy l a c e tic  acid ( ta b le  8 ,  ru n  1)
T h e  diyne (23  m g . )  a f t e r  f iv e  hours gave a  w h ite  solid 
(160 m g * ) ,  r© c ry s ta llis e d  fro m  w a te r  as rn -to lu ic  ac id , m . p .  
and m ixed m . p .  110°•
E th y l a rach id o n ate  ( ?2) ( ta b le  8 ,  run  2 )
T h e  e s te r  (880 m g . )  was isom erised f o r  e ighteen hours
and th e  p ro d u c ts  e x tra c te d  fro m  basic and acidic so lu tion s.
B as ic  e x t r a c ts  (160 m g . )  o f  e s te r  \) Ib40-l600m  (conjugated
ulcLX •
double b o n d s ), 960m (tra n s -d o u b le  b o n d s ), 710w . ,  b r .  ( c is -double 
bond) • T h e  sp ec tru m  was contam inated  w ith  diglym e and th e  
p ro d u c t w as washed a f u r t h e r  six tim e s  w ith  w a te r  and d ried  o v e r  
magnesium su lphate  o v e rn ig h t. T h e  in fra re d  sp ectru m  o f  th e  
p ro d u c t now  contained l i t t le  double-bond b u t w eak-m edium  hydroxy l 
ab so rp tio n  (3500 c m ," ^ ) .  H y d ra tio n  o f  th e  double bond system  
had a p p a re n tly  o c c u rre d .
T h e  acid f r a c t io n  (500 m g . ) ,  '\) m ax* *640 -1590w ,
940w ,  710w , c m ( c o n j u g a t e d  system  a g a in ), decomposed to  a  
t a r  on standing  in th e  f r id g e . In  both  e x t ra c ts  th e r e  w as no
t r a c e  o f  a ro m a tic  compounds. T h e  experim en t was th r ic e  re p e a te d
and th e  sam e re s u lts  o b ta in ed .
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Is o m e rls a tlo n  of octadeca -9. 12-d ie n -6 - ynoic acid (73) (table 8grun 3) 
T h is  acid (95 nig*) after eight hours gave an acidic
■Film
p ro d u c t (80 mg®) as a brow n oily solid, V max# 1600w , 1500w ,
960m (tra n s -d o u b le  b o n d ), 750m and 725m c m (a ro m a tic  % -  C H ) • 
P e rm a n g a n a te  oxidation  o f  the product (115 mg*) have phthalic  acid  
(5 2  mg#) 9 m.p® and mixed m .p *  130-131 . ( as th e  anhydride) .
A t te m p te d  detection of m to  Ini c acid®
D ip ro p a rg y l a c e tic  acid (700 mg®) w as h e a te d  w ith  th e  
basic system  a t  5 5 ° • Aliquots. removed a t  in te rv a ls  o ver th r e e  
hours showed no indication o f  is o m e ris a tio n • T h e  re a c tio n  m ix tu re
w as h e a te d  f o r  a f u r t h e r  th r e e  hours and th e n  allow ed to  s tand  
a t  room  te m p e ra tu re  fo r  fo u r  days to  give an oil V 3230sXXI qLai c
(H  — C  s C ) t 750s cm.""* (a ro m a tic  <?f -  O H ) ,  q u a lita tiv e  u ltra v io le t
A E t 0 H ' 210m, 2 3 2 s ,  273w m w  . m ax. /
T h e  p ro d u c t w as m eth y la ted  w ith  d iasom ethane as fo llo w s j—
50% aqueous potassium  hydroxide (6  m l . )  and e th e r  (20  m l . )  w e r e  
mixed and cooled in ic e .  N itro s o m e th y lu re a  (2  g . )  added w ith  
shaking and th e  e th e re o i la y e r decanted  in to  a solution o f  th e  
p ro d u c t in e th e r  u n til a perm an en t yellow  co louration  p e rs is te d .
T h e  m ix tu re  w as allow ed to  s tand  o v e rn ig h t, washed w ith  
s a tu ra te d  sodium c a rb o n a te , s a lt  solution and d ried  o v e r magnesium  
s u lp h a te . R em oval o f  th e  so lvent gave fro m  th e  diyne (700  m g . ) ,  
w ith o u t rem oving a liq u o ts , th e  e s te r  (410 m g . ) ,
^ S a x . 32508 ( K  “  C  5 C ) ' l^ 0vs ( e s t e r ) ,  750s c m .-1
(a ro m a tic  il -  C H  in m eth y l m - to la a te ) , X B tO H  207 ( £  1700) ."" max*
234 (1560) 2 280 rniL (540 )  id en tica l to  t h a t  o f  m eth y l rn—to lu a te *  
A n a ly t ic a l G , I b * C *  showed tw o  com ponents id e n tifie d  by mixed  
ch ro m ato g ra m s  as m eth y l d ipropargyl a c e ta te  R ^  4 .2  m in ., and 
m eth y l rn—to lu a te  Rrp S I*16 m in* ,  a t  103°, A rg o n  f lo w —r a te  
45 m l* /m in *
D im e th y l sulphoxide as a  so lvent f o r  b a s e -ca ta ly s e d  a ro m a tis a tio n  
o f  d iace ty len es*
D im e th y l sulphoxide (111) w as dried  b e fo re  th e  re a c tio n s  by 
d is t il la t io n , dry ing  o v e r B , D . H *  m olecular sieve ty p e  4 A  and 
re d is tilla t io n *
On add ition  o f  potassium  t-b u to x id e  (1*5 g * ) to  a  solution o f
h e p ta  —1, 6-dlyn© (0 * 3  g * )  in d im ethy l sulphoxide (15 m l * ) ,  th e r e
w as an im m ediate  exo th erm ic  re a c tio n  w ith  in ten se  blue co louration
which gradually  darkened* T h e  in fra re d  s p e c tra  o f  th e  p ro d u c ts
( ta b le  9 t page 3 5 ) a f t e r  re a c tio n  tim e s  o f  f i f t e e n  m inutes and
t h i r t y - s ix  hours  a t  room  te m p e ra tu re  w e r e  su b s ta n tia lly  th e  sam e
and contained no to luene a ro m a tic  absorptio n* T h e  same p ro d u c t
(110 mg#) w as iso la ted  fro m  a s im ilar re a c tio n  fro m  which no a liq uots
w e re  rem oved* T h e  n a tu re  o f  th e  main p ro d u c t was n o t
in v e s tig a te d  f u r t h e r  b u t is believed to  be a  vinyl th io e th e r  (117) •
S im ila r  re s u lts  w e r e  obtained in th e  analogous re a c tio n  o f  o c ta  -1 ,
7—diyn e, and again th e r e  w as no t r a c e  o f  th e  expected  a ro m a tic  
isom ers  O -x y le n e  and e th y l benzene.
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P R E F A C E
When th e  a ro  m a tisa tio n  w o rk  described in P a r t  I  
o f  th is  th e s is  w as nearing  com pletion , and i t  became obvious 
t h a t  th e  re a c tio n  was general! f o r  th e  ty p e  o f  acety len ic  
groupings described  th e re in , th e  question aro se  as to  w h e th e r  
p o lybrom ides, as a source o f  p o te n tia l acety lenes  by elim ination  
o f  hydrogen brom id e, under th e  s tro n g ly  basic conditions o f  th e  
re a c t io n , would a ro m a tis e . T h e  read ily  available 1, 2 ,  5 , 6 -  
te tra b ro m o c y c lo o c ta n e  was chosen fo r  s tudy as loss o f  hydrogen  
brom ide m ight r e s u lt  in e ith e r  a highly s tra in e d  cyclooctadiyne  
o r ,  by ensuing re a rra n g e m e n t, benzocyclobutene*
D  ehydrobroruination gave th e  la t t e r  system  and c y c lo o c ta te tra e n e , 
as a reasonab le in te rm e d ia te  was consequently isom erised to  
th e  sam e a ro m a tic  p ro d u c t* T h e  mechanism involved in th e s e  
tw o  cases is  possibly d i f fe r e n t  and th e y  w ill be d e a lt w ith  









IN T R O D U C T IO N
B enzocyclobutene (1) was f i r s t  m entioned in th e  
l
l i t e r a t u r e  by B e rk in  in 1888 and th e  f i r s t  a tte m p te d  synthesis
re co rd e d  by W l l la t a t t e r 2 in 1907. I t  is now known th a t  th e
f i r s t  syn thes is  o f  a genuine benzocyelobutane d e r iv a tiv e , 7 , 8 -
d ibrom ocyclobutene ( 2 ) ,  was achieved by F in k  el s te in 3 in 1910,
b u t th e  u n c e r ta in ty  o f  th is  s t ru c tu re  led to  a lapse o f  in te r e s t
in benzocyciobutenes u n til C ava  ̂ v ind icated  F inkels te in*s  claims
a n d , f u r t h e r ,  p rep ared  benzocyelo b u t ene i ts e lf *  In t e r e s t
th e n  quickly rev ived  and a la rg e  num ber o f  benzocyclobutene
d e riv a tiv e s  a re  now know n. B enzocyclobutene has been
p re p a re d  by fo u r  d i f fe r e n t  ro u te s  b u t th e  yields a re
sm all and no simple synthesis  has y e t  been devised. Som e
h ig h er homologues benzo [ l ,  2 s 4 ,  5 j  d icyclobutene ( 3 ) * 9
naphtha [a | cyclobutene { k ) l ° and naphtho [ b j  cyclobutene ( 5 ) U
have also been p re p a re d . V e r y  able rev iew s  on th e  c h em is try
12
o f  benzocyciobutenes have been compiled by C ra ig , and B a k e r  
T h e  c irc u m s ta n tia l evidence provided by th e  well 
estab lished  valence ta u to m e ris m  e f f e c t  exhibited by th e  mobile 
1» 3$ 5 -  c y c lo o c ta trie n e  system  (6 )  gives reasonable grounds 
to  hope t h a t  an eight-*m em bered carbocyclic system  containing
13,l 1*

fo u r  double bond eq u iva len ts , which should be produced by 
dehydrobrom ination  o f  1, 2 ,  5 , 6 -  te tra b ro m o c y c lo o c ta n e , 
m igh t a ro m a tis a  read ily  to  benzocyclobutene.
R ed u ctio n  o f  c y c lo o c ta te tra e n e  ( 8 ) ,  b e s t accomplished
15 16
e le c tro ly tic a lly  o r  by decom position o f  i t s  disodium s a lt  (9 )
gives a m ix tu re  o f  1, 3 * 5 -  c y c lo o c ta trie n e  (6 )  and 1, 3 ,  6 -
c y e lo o c ta tr ie n e  (1 0 ), which can be com pletely co n verted  to  th e
conjugated system  (6 )  by base t r e a tm e n t*  When (6 )  is h ea ted
an equilibrium  m ix tu re  o f  85$ o f  (6 )  and 15$ o f  th e  bridged
s t r u c tu r e  bicyclo [^ 4 .2 *0  J o c ta  - 2 ,  4 -  diene (7 )  is o b ta in e d .18
T h e  dynam ic isom erism  o f  (6 )  a n d ^ (7 ) has been te rm e d  *valence
ta u to m e ris m * by Cope and is an isom erism  in which no a tom s
o r  groups a re  s h ifte d *  T h e  only changes t h a t  occur a re
e le c tro n ic  d isp lacem ents requ ired  to  open o r  close th e  bridge
o f  ( ? ) •  A  s im ilar s itu a tio n  a rises  b e tw een  1, 2 ,  3 ,  4» 7$
8 ,  9 *  10 -  te trabenzocyclododecahexaene (11) and b is -
biphenylenecy clobutane (12) *1?
•V alence  tau to m e ris m * gives r is e  to  com plications in th e  
p re p a ra tio n  o f  1, 6 — d is u b s titu te d  bicyclo o c ta  - 2 ,  4 —
dien es . T h u s  V o g e l e t  a l , 20' 21 a tte m p tin g  to  p re p a re  th e  1, 6 
di c a r  boxy lie acid (13)» found them selves w ith  cycloocta  -  1, 3» 5 
t r ie n e  — 1, 6 — d icarboxylic  acid (14) and had to  go v ia  th e  




I t  is  w o rth y  o f  n o te  t h a t  C ram  and A U in g er,"  using  
th e  above exam ples as analogies, unsuccessfu lly  a tte m p te d  to  
iso m erise  cyclododeca -  1, ? -  diyne (16) to  th e  cyclobutadiene  
d e r iv a tiv e  (17) • A  f u r t h e r  illu s tra tio n  o f  e le c tro n ic  
re a rra n g e m e n ts  o f  th is  ty p e  is provided by th e  nickel cata lysed  
d lm e ris a tio n  o f  butadiene (18) to  c is , els -  1 # 5 -  cyclooctadiene  
(19) which has been shown to  involve cis — divinylcyclobutan© (2 0 )
23 2tyas an a c tiv e  in te rm e d ia te *  *
T h e  various cases p re s en ted  above supp ort th e  prem ia©  
t h a t  an eight~m  em bered carbon rin g  containing fo u r  double bond 
equ iva len ts  m ight a ro m & tise  by a s im ilar mechanism* th e  
equilibrium  in th is  case would be expected  to  lie  f a r  to  th e  
a ro m a tic  side*
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B ro ra in a tlo n  o f  c is , cia -  1, 5 ~ cyelooct&diene (19) 
w ith  pyridinium  brom ide p e r b r o m i d e g a v e  colourless c ry s ta ls  
o f  l f £ ,  5» 6  -  ta trab ro m o eye lo o c t& n e  (E l ) *  m .p . 147 *• 8 ° .
A ssum ing t r a n a  addition o f  brom in©, th®  m ost probable  
s te re o c h e m is try  o f  th is  single substance is th© t r a n s —sya—tra n s  
c o n fig u ra tio n . T h e  energy o f  co n fo rm atio n a l In te r  conversion  
la  v a ry  sm all in th e  cyclooetan© series  and th e  genera l broadening  
o f  peaks In th e  N  . M . B .  sp ectru m  o f  th is  compound suggests a  
m ix tu re  o f  easily co n vertib le  co n fo rm atio n s  o f  which ‘Che •crown* 
s t r u c tu r e  (E la ) w ith  a ll th e  bulky brom ines p s eu d o -eq u a to ria l, 
is  a  like ly  o n e . T h e  only o th e r  1, &, 5* 6 — to trab ro m o cyc lo o c tan ea
re p o r te d  in th e  l i t e r a tu r e  w e re  obtained independently by
*’ 26W il ls ta t te r  and by «Jones by brom ine addition to  th e  
t r a n s . t r a n& -  diene when isom eric  m ix tu res  o f  in d e fin ite  m elting  
p o in ts  w e re  ob ta ined* T h a t  sharp  m elting c ry s ta ls  w e re  
O btained fro m  th e  c is . els -  diene probably ind icates  one is o m e r, 
and th is  would r e f le c t  th e  e x te n t  to  which non-bonded  
In te ra c tio n s  e f f e c t  th e  s te r ic  course o f  brom ine addition by 
pyridinium  brom ide p e rb ro m id e .
3  SO
P ehydrobro  m lnation ox 1, 2, 5® 6 — t e t r a b r o  mg cyclop c tan e  (21) 
T h e  dehydrobroruination o f  {21} was e f fe c te d  w ith  a 
m olar excess o f  potassium  t  -  butoxide in diglyme at 120° f o r  
tw e n ty —tw o  hours® and th e  p ro d u c t was a brom ine—f r e e  oil 
(p ro d u c t A ) « T h e  in fra re d  spectru m  o f  th is  p ro d u c t was  
co m p lica ted , b u t p rom in en t peaks which could be associated  
w ith  o ie fin ic  (c is )  bonds and w ith  th e  o -  d is u b s titu tio n  p a t te r n  
(780  and 714 c m .^ j  exhib ited by benzocyclobutene w e re  p re s e n t*  
T h e  u lt ra v io le t  sp ectru m  (fig #  1) showed broad absorp tio n  
b e tw e e n  225 end 25V m/*• , th e n  a t  longer w ave lengths a  
p a t te r n  (260  , 266 and Z 1 Z  m ju c )  in d J o < x , b / v e  t  o f  
bensocyclobutene ( f ig# 1)#
Y ie ld  o f  benzocyclobutene in p ro d u ct A *
A lka lin e  perm anganate  oxidation o f  p ro d u c t A  gave  
p h th a lic  a c id , sublimed and id e n tifie d  as th e  anhydride# 
C om parison w ith  th e  yield obtained fro m  an id en tica l oxidation  
o f  benzocyclobutene gave an e s tim a te d  yield o f  20% o f  
benzocyclobutene fro m  th e  te tra b ro m id e #  T h is  ag rees  fa ir ly  
w e ll w ith  th e  re s u lts  obtained fro m  th e  in fra re d  analysis o f  
p ro d u c t A ,  using th e  o -  d isu b s titu tio n  band a t  714 cm#*"*
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G . 3 L . C .  analysis o f  p ro d u c t A  ( F l o w  S h e e t  1)
T h e  an a ly tic a l G . I t  .G *  in vestig atio n s  o f  p ro d u c t A  
showed t h a t  o f  th e  phases A piezon >L*, squalane, silicone 
g re a se  and s ilv e r n i t r a t e / t r i  e thylene glycol, a ll supported on 
c e lite  ( ta b le  2 ,  runs 6 , 7 , 8 and 9 ) ,  th e  f i r s t  provided th e  
b e s t s e p a ra tio n . A nalyses w ith  th is  column (ta b le  1, run  1) 
d e m o n s tra te d  t h a t  p ro d u c t A  contained a t  le a s t fo u r  com ponents, 
tw o  o f  which w e re  id e n tif ie d , by mixed chrom atogram s ( ta b le  2 ,  
ru n s  Ik9 15)» as c y c lo o c ta te tra e n e  (8 )  and s ty re n e  ( 2 3 ) ,  p re s e n t  
as t r a c e  and e a . 11$, re s p e c tiv e ly . T h e  la s t  and dom inant 
p e a k , as m ore th a n  80$ o f  th e  m ix tu re , had th e  same re te n tio n  
t im e  as benzocyclobutene (1 ) ,  while th e  rem aining unknown 
com ponent (2 2 )  was p re s e n t in t r a c e  q u a n tity  on ly . A nalys is  
on th e  s ilv e r n i t r a t e  column gave th e  v e ry  in te re s tin g  re s u lt  
t h a t  a ll b u t th e  la s t  peak w e re  com pletely re ta in e d  under th e s e  
cond itio ns , and th e  sample size used indicated t h a t  th is  peak  
w as diminished by m ore th a n  h a lf .  U n s a tu ra te d  m olecules, 
especially th o s e  which fo rm  s ilve r n i t r a te  complexes e . g .
18 27
c y c lo o c t& te tra e n e  and cy cloo c t a t  r ie n e s , * a re  read ily  
separab le  on s ilv e r n i t r a t e  columns. 28' 29 R e te n tio n  o f  
cy cloo c t a t  e t  ra en e  and s ty re n e  was th e r e fo re  n o t unexpected , 
b u t re te n tio n  o f  m ore th a n  h a lf  th e  la s t  peak m ust mean t h a t  
th is  p e a k , o f  th e  same re te n tio n  tim e  as benzocyclobutene (1 ) ,  
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presum ab ly  (1 ) ,  which is n o t re ta in e d . S im ila r ly , re te n tio n  
o f  th e  unknown (2 2 )  po ints again to  u n s a tu ra tio n , and its  
re te n t io n  t im e  ( ta b le  1, run 1) suggests a close re la tionsh ip  
w ith  eycloo c t a t  e t  raen e*
T h e  la s t  peak w as co llected by p re p a ra tiv e  G * L , * C *  
using a  1% silicone grease  column* I t s  u ltra v io le t  spectru m  
(fig* 3) w as id en tica l both in peak position and shape to  th a t  
o f  benzocyclobutene *5 T h e  XL values w e r e ,  h o w e v e r,
lo w e r  presum ably due to  th e  presence o f  a l i t t le  m o is tu re  
In th e  co llected  fra c t io n  (see  p a r t  I ) *  T h e  u ltra v io le t  
sp e c tru m  o f  unknown (24 )  m ust th e r e fo re  be v e ry  s im ilar to  
t h a t  o f  benzocyclobutene* T h e  mass spectru m  o f  th e  co llected  
f r a c t io n  had a cracking p a t te rn  id en tica l to  t h a t  o f
30benzocyclobutene and cy cloo c t a t  e t  raen e*
C o m p le te  hydrogenation  o f  p ro d u ct A *
The oil resulting from the complete hydrogenation 
o f product A  showed infrared bands in the X -  CH region 
corresponding to those of ethyl benzene ( 6 9 6 , 744 cm.’"*) 
and of benzocyclobutene (714, 780 cm*""*) together with an 
additional peak a t  698 cm •"*• The peaks in product A  at 
808, 800, 775, 735, 700 and 672 cm."* were now absent. 
Because cy cloo ctat etraene, styrene, and unknown (24) were 
present in unknown amounts in product A , no correlation of
hydrogen u p ta k e  could he made to  th e  s t ru c tu re  o f  unknown  
( 2 4 )  • T h e  p resen ce o f  a peak a t  698 cm ."* in th e  
h yd ro g en ated  p ro d u c t suggests t h a t  hydrogenation o f  th e  
unknown (2 4 )  has n o t gone to  com pletion and t h a t  a cis-double  
bond re m a in s . T h e  u ltra v io le t  spectrum  o f  th e  reduced  
m a te r ia l w a s ,  as exp ected , id en tica l to  t h a t  o f  benzocyclobutene.
A n a ly t ic a l G . L . C ,  o f  hydrogenated p ro d u ct A .
( ta b le  3 ,  ru n  2 0 ) showed peaks which on th e  basis o f  mixed 
ch ro m ato g ram s  (ta b le  3 ,  runs 21, 2 2 , 2 4 , 26 ) w e re  assigned 
to  e th y l benzene ( 2 6 ) ,  unknown (25b)  fro m  unknown ( 2 2 ) ,  
unknown ( 2 7 )  ( ca .  58$ o f  m ix tu re ) and benzocyclobutene (1 ) .  
P r e p a ra t iv e  scale G . L . C .  on th e  G r i f f in  and G eorge ap p ara tu s  
using a  10$ A p iezon  column was only p a rtia lly  successfu l in 
t h a t  only e th y l benzene was e ffe c t iv e ly  rem oved. T h e  
in f r a r e d  sp ec tru m  o f  th e  re s u lta n t oil showed peaks a t  1660 
and 698 c m ." *  a t t r ib u te d  to  a cis -  double bond, and since th e  
only com ponent p re s e n t in an am ount s u ff ic ie n t to  give such 
a b so rp tio n  is unknown ( 2 7 ) ,  th is  ap p aren tly  contains a c is -  
double bond fo rm ed  in such a position fro m  unknown (24 )  th a t  
i t  is  immune to  fu r t h e r  reduction  under th e s e  conditions.
T o  d e riv e  some idea o f  th e  typ es  o f  s tru c tu re s  which m ight 
be en co u n tered  to g e th e r  w ith  benzocyclobutene, th e  mechanism  
o f  dehydrobrom ination  w ill now be considered.
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T h e  mechanism o f  dehydrobrom ination .
u -
T h e  mechanism f o r  bim olecular elim ination re q u ire s :
 ̂ ©
( a )  t h a t  th e  d e p a rtin g  nucleophile (in  th is  case B r ,  ) be as 
f a r  rem oved as possible fro m  th e  p ro to n  under e x tra c tio n  by th e  
b a s e , an d , (b )  t h a t  th is  p ro to n , th e  and f t  -  carbons and 
th e  d e p a rtin g  halogen be cop lan ar. In  cyclic system s th is  
happy s itu a tio n  is  achieved when th e  s u b s titu e n ts  a re  t r a n s -  
d iax ia l. H o w e v e r , t r a n s - addition  o f  brom ine to  a cis—cycloalkene  
leads to  a  s itu a tio n  in which th e  — hydrogen and th e  A  —brom ine  
w ill be m utua lly  cis and cannot norm ally  a t ta in  th e  t ra n s  -  diaxial 
p o s itio n  e . g .  (2 8 )  on th e  opposite  page. , f t  -  E lim ination
r'
producing a  vinylic  brom ide (2 9 a )  w ill n o t th e r e fo re  be fa v o u re d , 
and f t  , S -  e lim ination to  give an a lly  lie brom ide (29b) w ill be 
p r e fe r r e d *  T h is  is th e  case in th e  cyclohexane series  
i l lu s tr a te d  ( 2 8 ) ,  b u t in th e  v e ry  much m ore flex ib le  cyclooctane  
s e rie s  b o th  , ft  -  and f t  , if -  e lim ination m ust be considered. 
In  th e  proposed ’c ro w n ’ co n fo rm atio n  th e  brom ines probably  
occupy th e  eq u a to ria l positions in a t ra n s  -  syn -  t ra n s  
c o n fig u ra tio n . C onsid er th e  tw o  casess
A  /?> , d -  E lim in a tio n  o f  tw o  moles o f  hydrogen brom ide.
JjT oC , f t  -  E lim in a tio n  o f  tw o  moles o f  hydrogen brom ide.
C as e  A . In i t ia l  loss o f  tw o  moles o f  hydrogen brom ide by 
f t  , — elim ination could give th e  s tru c tu re s  (3 0 ,  31 and 3 2 ) .
C^'SsC f l .
4'^ ® €.V C,4 ^ ©Cf H s*$fe,
+
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(3«»)
( a )  F u r t h e r  , i  — elim ination could th e n  give an in te rm e d ia te  
8 -  b rom ocyc loo cta  -1 , 3* 5 -  t r ie n e  (33 )  which could th e n  e ith e r
( i )  undergo valence ta u to m e ris m  to  give 7 -  bromobicyclo [ 4 . 2 . 0 ]  
o c ta  4 -  diene (3 4 )  fo llow ed by elim ination o f  th e  la s t  mole
o f  hydrogen brom ide to  give bicyclo 4 * 2 . o ]  o c ta  - 2 ,  4 f 7 -  tr ie n e  
( 3 5 ) ,  o r
( i i )  successively  lose hydrogen brom ide giving c y c lo o c ta te tra e n e  (8 )  
fo llo w ed  by ta u to m e ris m  to  (3 5 )  ( S e e  la te r  ) • B o th  th e s e  
p a th w a y s  a r e  possib le . T a u to m e ris m  o f  th e  bicyclo ^ 4 . 2 .0 " ]  
o c ta tr le n e  system  has been d e a lt w ith  e a r lie r  in th e  in tro d u c tio n , 
w hile R e p p e 140 and o th e rs  have shown t h a t  c y c lo o c ta te tra e n e  o f te n  
re a c ts  as  ( 3 5 ) •
( b )  1, 4 -  T ra n s a n n u la r loss o f  hydrogen brom ide fro m  (30)  
would give 2 -  brom obicyclo [ 4 *2 *0 ] o c ta  - 3 ,  7 -  diene ( 3 6 ) .
(T h e  hydrocarbon  bicyclo [4 . 2 . 0 ] o c ta  - 3 ,  7 -  diene was p repared  
by S ie g le r  31 by sodium red u ctio n  o f  c y c lo o c ta te tra e n e . T h e  
hydrocarbon  is s ta b le  to  f u r t h e r  red u c tio n  by th is  m ethod) • 
F u r t h e r  loss o f  hydrogen brom ide would th e n  give bicyclo [ 4 . 2 . 0J  
o c ta  -1 , 3 ,  7 -  t r ie n e  (3 7 ) • B o th  mono -  and dim ethylene
cyclobutenes a re  know n, 32> 33 and (3 7 )  is th e r e fo re  a feasib le  
s t r u c tu r e .
1 , 3 -  T ra n s a n n u la r elim ination fro m  e ith e r  (31) o r  (32 )  
and f u r t h e r  dehydrobrom ination would lead to  a cyclopropane o r  
m eth ylene  cyclopropane which is s te ric a lly  un likely.
%H&-r
Cfos® D » In i t ia l  loss o f  tw o  moles o f  hydrogen brom ide by
c< 9 f t  -  e lim ination would give s tru c tu re s  (3 8 )  and ( 3 9 ) .
T h e  I «  and 5 ~ positions a re  so f a r  a p a r t  in th e  cycloocta  
-  1# 5 -  diene r in g  t h a t  tra n s an n u la r elim ination across th e s e  
p o s itio n s , to  give th e  [ 3 . 3 . 0 ]  bicycle ( i+0) , is unlikely to  o ccu r, 
ly 4  *“ B lirnm ation  is much m ore probable and would give 2 — 
brom obicyclo [ 4 . 2 . 0 ]  o c ta  -1 , 5 -  diene (41) and 2 -  bromobicyclo  
[ 4  • 2  • o] o c ta  - 2 ,  6 -  diene ( 4 2 ) .  D im  ethylene cyclo butane is
o k  3 5
know n and s t r u c tu r e  (41) although s tra in e d  is n o t
u n reaso n ab le . D ehydrobrom ination  and re a rra n g e m e n t would th e n  
give benzocyclobufeene (1) which m ight re a rra n g e  fu r th e r  to  
s ty re n e  (23). S t r u c t u r e  (42) could sim ilarly  give bicyclo [4*2* o'] 
o c ta  -1 , 3# 6 -  t r ie n e  (43 )#
A n y  isom ers  o f  th e  bicyclo jj* .*2 .o ]  o c ta tr ie n e  system  
which h ave  n o t been shown to  a r is e  in cases A  and E ,  can be 
fo rm e d  re a d ily  by b ase -ca ta lysed  p ro to tro p ic  re a rra n g e m e n t o f  
th o s e  i l lu s t r a te d .
P ossib le  s tru c tu re s  f o r  unknown (2 4 )  a r e  (35# 37» 43#
44# 4 5 )#  S h o z d a 36 has proposed th e  bicyclo [ 4 . 2 . 0 ]  o c ta  -  2 ,
4# 6 — tr ie n e  (4 7 )  as in te rm e d ia te  in th e  p re p a ra tio n  o f  
7# 7# 8 — tr iflu o ro b en zo cyc lo b u te n e  (48 )  by dehydroh&logenatlon  
o f  ( 4 6 ) .  H e  suggests  th a t#  by analogy to  th e  slow lsom erisation  
o f  m eth y lene  cyclohexa — 2 t 4 — diene (49)  bo to luene a t  room  
te m p e r a tu r e ^  th e  proposed in te rm e d ia te  (4 7 )  would be expected
0 3  C n  C b  | >  C b
M  ( 31) ( * * )  (H-H-) ( + $
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a ro m a tis a  to  th e  p ro d u c t ( 4 8 ) .  A lthough th e  A 6 -  double 
bonds in s t r u c tu re s  (4 7 )  and (45 )  a re  in q u ite  d i f fe r e n t  e lec tro n ic  
en v iro n m en ts  , i t  is believed that; th is  la t t e r  s tru c tu re  would also 
re ad ily  a ro m a tis e , and is th e r e fo re  an unlikely candidate fo r  th e  
unknown s t r u c tu r e  ( 2 4 ) *
D ie ls  ~ A ld e r  ad d u ct fo rm a tio n  o f  p ro d u ct A  and th e  isolation
o f  b en z o ey clo bu t  en e « ( f l o w  sh eet 2 )
î o
R eppe e t  a l . |  in th e ir  excellen t w a r - t im e  research es
on c y c lo o c ta te tra e n e , showed t h a t  c y c lo o c ta te tra e n e  fo rm s
addu cts  corresponding to  dienophilic addition to  i ts  valence
ta u to m e r  ( 3 5 ) *  T h u s  w ith  maleic anhydride c y c lo o c ta te tra e n e
gives (5 1 a ), 18,1+0 w ith  dim e th y l acety len e  d icarboxyla te  ( 5 2 ) 1+1 and
U2
w ith  benzoquinone (5 3 )  and th e  s tru c tu re s  established by
U3 18 Ul UUF r ie s s , C o p e , A v ra m  and Gookson. M aleic anhydride
addu ct fo rm a tio n  seemed a v e ry  plausible m ethod o f  removing
unknown (2 4 )  fro m  p ro d u c t A  as a d e riv a tiv e  which would d ire c tly
r e f le c t  th e  unknown s tru c tu r e *
T h e  schem atic  sep ara tio n  o f  p ro d u ct A  by adduct
fo rm a tio n  is  shown in f lo w  sh eet 2 .  T re a tm e n t  o f  p ro d u ct A
w ith  m aleic anhydride in r© fluxing  benzene f o r  tw o  hours yielded
on a d d u c t, m .p *  145°* and an o il. A n a ly tic a l G . L . C .  (ta b le  1,
run  Z)  show ed a p ro p o rtio n a l decrease o f  th e  a re a  o f  th e  la s t







T a b le  4*
In f r a r e d  s p e c tra l d a ta  o f .  unknown (2 4 )  by 
s u b tra c tin g  t$ e  above c u rv e s .
3006 O t f  s t r e t c h ,  t r is u b s t itu te d  double bond
3000 ^ r?H s t r e t c h ,  t r is u b s t itu te d  double bond
2970 * 0  s t r e t c h ,  C H g
2920 . % C H  s t r e t c h , C H g
640' /  X 4 • C H  , t r is u b s t itu te d  double bond*
810 If -  C H , t r is u b s t itu te d  double bond
774 ,  7 3 * . *  ft -  C H  , rin g  s u b s titu tio n
700 f t -  C H ,  cis* C  = C .
T h e  peaks corresponding to  (2 3 )  and (1) w s re  co llected by 
p re p a ra t iv e  G . B . C .  and th e ir  in fra re d  s p e c tra  found to  be 
id e n tic a l to  th o s e  o f  s ty re n e  and benzocyclobutene resp ective ly#  
T h is  c o n s titu te s  a  new  synthesis  o f  benzocyclobutene*
T h e  s t r u c tu r e  o f  unknown ( 2 4 )
unknow n (2 4 )  was also encountered  in th e  a ro m atisa tio n  
o f  c y c lo o c ta te tra e n e  and i ts  presen ce confirm ed by G . L . C .  
analyses b e fo re  ( ta b le  2 ,  run  19) and a f t e r  hydrogenation to  
( 2 7 )  ( ta b le  3 ,  runs 2 0 , 2 3 ) .  T h e  physical and chemical evidence, 
f ro m  which a te n ta t iv e  s t r u c tu r e  f o r  (2 4 )  is d e riv e d , is ta k en  
f r o m  b o th  th e s e  sources and discussed be lo w .
( i )  In f r a r e d  s p e c tra l d a ta . D u rin g  th e  course o f  in vestig ations  
in to  th e  a ro m a tic  p ro d u c t obtained fro m  c y c lo o c ta te tra e n e , th e  
G . L . C .  p e a k , corresponding to  th e  isom eric m ix tu re  containing  
b o th  benzocyclobutene (1) and ( 2 4 ) ,  was co llec ted . T h e  a c c u ra te  
in f ra r e d  s p e c tra  o f  th is  f ra c t io n  and o f  benzocyclobutene w e re  
d e te rm in e d  and a re  shown in f ig .  2 .  B y  s u b tra c tio n  a spectru m  
o f  ( 2 4 )  w as obta ined and th e  absorptio n  bands in th is ,  to g e th e r  
w ith  th e ir  ass ig n m en t, a re  lis te d  in ta b le  4 .  I f  th e s e  
assignm ents  a re  c o r r e c t ,  unknown (2 4 )  contains one cis and 
tw o  t r is u b s t itu te d  double bonds. O f  th e  possible s tru c tu re s  
( 3 5 ,  3 7 ,  4 3 , 44 and 4 5 )  in th e  bicyclo [ 4 . 2 . 0 ^  o c ta tr ie n e  
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( i i )  U lt r a v io le t  spectral d a ta . T h e  u ltra v io le t  s p e c tra  o f  
m ix tu re s  contain ing only benzocyclobutene and unknown (24)  
derived  by G . L . C *  sep ara tio n  o f  th e  la s t  peak in (a )  p rod uct 
A ,  and (b )  is o m erisa tio n  p ro d u c t C  fro m  c y c lo o c ta te tra e n e , 
to g e th e r  w ith  t h a t  o f  a u th e n tic  benzocyclobutene, a re  shown in 
f ig *  3 m I t  is  d i f f ic u lt  to  deduce a spectru m  f o r  unknown (24 )
fro m  th e s e , b u t i t  appears to  have general broad absorption
v
b e tw e e n  250 -  280 rn^c •
T h e  u ltra v io le t  c h a ra c te r is t ic s  o f  re la te d  ty p e s  o f  
compounds a re  shown in ta b le  5 . B>rom th e s e , th e  surpris ing  
f e a tu r e  a r is e s  t h a t  th e  absorptio n  o f  conjugated exom ethylenes  
is  only s lig h tly  e f fe c te d  by a double bond in th e  eyclobutane rin g , 
e *g *  (5 4 )  $ ( 5 6 )  and (5 7 )  a ll absorb a t  ca* 2 4 6  mjuu . T h is  
suggests  t h a t  (5 6 )  and i t s  3 -  m eth y l homologue a re  n o t 
conjugated t r ie n e s , b u t Scenes cross-con jug ated  w ith  a double 
bond* S im ila r ly , ( 5 5 )  and (5 6 )  do n o t behave as conjugated  
dienes*
A lth o u g h  s t r u c tu r e  (44 )  does n o t s t r ic t ly  contain  
exo m ethylenes th e  above considerations e lim inate  i t  as a possible 
s t r u c tu r e  f o r  ( 2 4 )  • A n y  o f  th e  o th e r  possible s tru c tu re s  
(35# 37# 43# 4 5 )  would be m ore in harm ony w ith  th e  deduced 
u lt r a v io le t  s p e c tru m *
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(a.) MALEIC ANHYDRIDE ADDUCT OF PRODUCT V  
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T a b le  6 *
G rou p freq u en c ies  co incident in th e  above s p e c tra  ♦
F req u en c y  (cm**~l ) A ss ig n m en t
1843 -  1760 3 peaks; 0 * 0  vibs; cyclic anhydride
1250 -  1220 C  -  O v ibs*
1100 -  1050 2 peaks; -  C H  vibs* (s u b s t itu te d  
cyclohexcn# ty p e  ?) *
970 -  870 4 peaks , -  C H , s u b s titu te d  
cyclobutane ty p e *
840 -  ?20 5 p ea ks , s u b s titu te d  cycloalkene
680 -  ?20 Y -  C H , c is » C -  C *
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( T h e  D ie ls  — A ld e r  adduct o f  ( 2 4 ) » T h e  adduct , 
m *p *  145° s had a rxiass—s p s c tro m e tr ic  m olecular w e ig h t o f  
2 02  ( Cjg Hjq ) and was n o t iden tica l to  th e  corresponding  
addu cts  o f  c y c lo o c ta te tra e n e  (51a) ,  o r  benzocyclobutene ( 6 2 ) ^  k6 
m eltin g  p o in ts , 168 and 1 86 -7 °, resp ec tiv e ly * T h e  adduct o f
Moc y c lo o c ta te tra e n e  was prepared  both by th e  m ethod o f  Reppe  
and by th e  m ethod a lready described f o r  p ro d u ct A *  In  th e  
l a t t e r  case th e  yield was v e ry  much sm aller which is re f le c te d  
by th e  p resen ce  o f  c y c lo o c ta te tra e n e  in p ro d u ct A ,  a f t e r  adduct 
fo rm a tio n *
T h e  in fra re d  s p e c tra  o f  th e  adducts fro m  
c y c lo o c ta te tra e n e  and p ro d u ct A ,  shown in f ig *  k$ w e re  n o t  
id e n tic a l, b u t v e ry  sim ilar and had th e  group freq u e n c ies , lis te d  
in ta b le  6 ,  in common* T h e  s tru c tu re s  o f  th e  tw o  adducts  
would th e r e fo r e  appear to  be v e ry  sim ilar and f u r t h e r ,  a m ix tu re  
o f  th e  tw o  m elted  a t  144°$ i»e» a lm ost no depression fro m  th e  
ad d u ct o f  A .  W ith o u t additional evidence s tru c tu re  (3 5 )  would 
be assigned to  th e  unknown (24)»  discrepancies in m elting po int 
and in f ra re d  s p e c tra  o f  th e  adducts being accounted f o r  by 
d i f f e r e n t  s tereochem ica l configurations*
T h e  N . M . R .  s p e c tra  o f  th e  tw o  ad d u cts , h o w e v e r ,  
d if fe r e d  n o t only in th e  peak positions, but also in th e  a re a l 
d is tr ib u tio n  o f  th e s e  peaks* Thus while th e  N * M * R *  o f  th e  
c y c lo o c ta te tra e n e  adduct agrees w ith  th e  s t ru c tu re  (51a)
G O (Vi)
( 4 - g )
CO
}
{ t h e  area, r a t io  corresponding to  o le iin ic  and m eth ine p ro to n s  
being as expected  2  : 3 j m ethylenic p ro to n s  ab s e n t) t h a t  o f  
th e  unknown adduct ( f ig *  5) does n o t*  In  th is  case th e  peaks  
corresponding to  o iefin ic  { 'T  3 . 5  „  3 . 5 ) and me th in e  p ro to n s  
('T' 7 .2  -  7 . 4 )  a r e  in th e  a rea l ra tio  o f  1 5 2* T h e re  a re  also 
signals assigned to  m ethylenic p ro ton s  ( r '  8 -  8 . 6 ) .  S t r u c tu r e  
( 3 5 )  can th e r e fo r e  be discounted f o r  unknown (2 4 )  •
O f  th e  possible s t ru c tu re s , only (43 )  has n o t been 
e lim in a ted . N o rm a l 1, 4 -  addition o f  maleic anhydride would 
give s t r u c tu r e  (61) which would n o t agree  w ith  th e  N . M . H *
I t  is d i f f ic u lt  to  envisage 1, 2 — addition to  give (6 0 )  and, in 
any case ,  th e  in fra re d  spectrum  o f  th is  would n o t resem ble t h a t  
o f  th e  c y c lo o c ta te tra e n e  adduct so closely. T h e  m ost  likely  
s t r u c tu r e  f o r  th e  unknown adduct is (51b) which could conceivably  
a r is e  by 1, 4 -  addition o f  maleic anhydride to  th e  valence  
ta u to m e r  (4 5 )  o f  (4 3 )  w ith  co n cu rren t m igration  o f  th e  
cyclobutene double bond fro m  th e  6 , 7 to  th e  1, 6 -  p o s itio n .
V a lid  c ritic ism s  can obviously be made about th e  suggested  
ro u te  f r o m  (4 3 )  t o  (51b) bu t th e  m ost serious arg u m en t aga inst 
s t r u c tu r e  (4 3 )  s tem s fro m  hydrogenation w o rk . T h e  isom erisa tion  
p ro d u c t o f  c y c lo o c ta te tra e n e  (see section 3B), proved to  contain  
( 2 4 ) ,  w as com pletely hydrogenated w ith  palladium on charcoal and 
th e  com ponent ( 2 7 ) ,  corresponding to  hydrogenated (2 4 )  was  
co llected  by p re p a ra tiv e  G . L . C .  T h e  sa lien t absorption  bands
(s )
Cn
^ A o o e-rA b ig ^g s Cn
( 6 * )
f a ? )
T a b le  7 .
T h e  in f ra re d  s p e c tra l d a ta  o f  com ponent (2 7 )  
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Possible structure for (27) is
in  t h e  a c c u r a t e  in f r a r e d  s p e c tru m  o f  t h is  c o m p o n e n t and  
t h e i r  a s s ig n m e n t a r e  l is te d  in  ta b le  7 w ith  th o s e  o f  e th y l  
c y c lo h e x a n e *  T h e  s p e c tru m  o f  ( 2 7 )  is  in  a g r e e m e n t  w ith  
t h e  s t r u c t u r e  o f  b icyc lo  j 4 .  2 *  0~j o c t  — 7 — o n e , i *@* a  
s u b s t i t u t e d  c y c lo h e x a n e  w ith  a  c is  — do u b le  bond o u ts id e  t h e  
s ix —m e m b e re d  r in g *  A  re a s o n a b le  p a th w a y  t o  t h is  is  in i t ia l
3 *  4  -  a d d it io n  o f  h y d ro g e n  t o  b ic yc lo  [ 4 . 2 .  0^  o c ta  
- l »  3 f  6  -  t r i e n e  ( 2 4 ;  4 3 )  g iv in g  t h e  1, 6 -  d ie n e  ( 6 3 ) 
fo l lo w e d  by  r e a r r a n g e m e n t ,  a s  s h o w n , t o  ( 2 7 ) .  T h e  w e a k  
p o in t  in  t h is  a r g u m e n t  f o r  s t r u c t u r e  ( 2 7 ) ,  and  t h e r e f o r e  f o r  
( 4 3 )  9 is  t h is  c e s s a t io n  o f  h y d ro g e n a t io n  a t  ( 2 7 )  u n d e r  c o n d itio n s
w h ic h  w o u ld  b e  e x p e c te d  t o  re d u c e  a  c is  -  d o u b le  b o n d .
27
J o n e s ,  d u r in g  an  e x a m in a tio n  o f  t h e  r e d u c t io n  o f  
c y c lo o c t a t e t r a e n e  b y  sodium  in  bo ilin g  a lc o h o ls , d is c o v e re d  t h a t  
a ll  t h r e e  c y c lo o c ta d ie n e s  w e r e  fo r m e d . T h e  p re s e n c e  o f  1, 3 — 
o c ta d ie n e  w a s  u n e x p e c te d  as  sodium  in  a lc o h o ls  g e n e ra lly  re d u c e s  
c o n ju g a te d  d o u b le  bonds lea v in g  is o la te d  do u b le  bonds u n to u c h e d .  
T o  e x p la in  t h e  f o r m a t io n  o f  a ll t h r e e  is o m e rs  h e  s u g g e s te d  in i t ia l  
is o m e r is a t io n  t o  b icyc lo  j^4» 2 .  0 ^  o c ta  — 2 ,  4 *  7 — t r i e n e  ( 3 5 )  > 
t h e n  1, 4  -  a d d it io n  o f  h y d ro g e n  g iv in g  t h e  3? 7 -  d ie n e  ( 6 4 ) *  
F u r t h e r  h y d ro g e n a t io n  and r in g  open ing  o f  t h is  w ou ld  g iv e  a ll  
t h r e e  is o m e r ic  c y c lo o c ta d ie n e s .
T h e  p ro c e s s e s  in vo lved  in  h y d ro g e n a t io n  o v e r  p a lla d iu m  
on c h a rc o a l and  w ith  sodium  in a lco h o l a r e  d i f f e r e n t  and  no
analogies can. be ta k e n  fro m  th e  w o rk  by dJones• I t  does 
s h o w , h o w e v e r ,  t h a t  anomalies have been encountered in th e  
h ydrog en ation  o f  c y c lo o c ta te tra e n e  and its  ta u to m e ric  bicyclo 
jjift 2 .  0 ]  o c ta tr ie n e  s y s te m .
M ass s p e c to m e try  is n o t re a lly  adaptab le  to  system s  
such as (51a) and (51b) because th e s e  so read ily  undergo e lec tro n ic  
re a rra n g e m e n ts , when subjected to  th e  la rg e  energy im p iit , t h a t  
th e  re s u ltin g  cracking p a t te rn  is v e ry  d i f f ic u lt  to  in te r p r e t  in 
te rm s  o f  th e  orig inal s t r u c tu r e .  T h e  unknown adduct on mass 
sp ectro sco p ic  exam ination read ily  loses s tab le  fra g m e n ts  
corresponding to  Cg Hg and while th e  adduct o f
c y c lo o c ta te tra e n e  loses labile fra g m e n ts  again corresponding to  
Cg Fig and H ^ . T h is  is presum ably caused by ru p tu re  o f  
th e  cyelobutene rings and th e  s ta b ility  o f  th e  fra g m e n ts  
asso c ia ted  w ith  th e  position o f  th e  double bond in th e s e  r in g s .
T h e  cracking  p a t te r n s ,  on th e  w hole, a re  v e ry  s im ila r . T h e re  
a re  no examples o f  mass s p e c tra  o f  th is  ty p e  o f  compound in 
th e  l i t e r a t u r e ,  fro m  which th e  cracking p a t te r n  can be s tu d ied , 
and bearing  in mind th e  com m ents above, all t h a t  can s a fe ly  be 
said o f  th e  unknown adduct is t h a t  i t  is n o t th e  c y c lo o c ta te tra e n e  
a d d u c t, although v e ry  s im ilar w ith  th e  same m olecular w e ig h t, 
and probab ly has a d i f fe r e n t  double bond p lacem ent in th e  
cyelobutene ring * T h is  Is rea lly  a problem  f o r  N . M . R .
In  th e  fin a l assessm ent th e  assignm ent o f  s t r u c tu r e  
(51b) f o r  th e  unknown adduct r e s t s  on I . R .  and N . M . R .  
evidence. T h e  p re c u rs o r can be (43 )  o r  (4 5 )  o f  which th e  
fo r m e r  b e t t e r  agrees  w ith  th e  in fra re d  sp e c tru m * I t  is 
t h e r e fo r e  te n ta t iv e ly  suggested t h a t  unknown (2 4 )  is bicyclo 
| > .  a .  o ]  o c ta  -  1, 3 t  6 -  t r ie n e  ( 4 3 ) *
C O N C L U S IO N
1* 5* 6 -  T e trab ro m o cyc lo o c tan e  has been
su ccessfu lly  d ©hydro brom inated w ith  potassium  t  — butoxide  
in diglym e to  a m ix tu re  o f  isom eric hydrocarbons contain ing  
m ainly benzocyclobutene, s ty re n e  and a compound believed to  
be bicyclo Z • o j  o c ta  -  1, 3 ,  6 -  t r ie n e .
C y c lo o c ta te tra e n e  and an unknown compound a re  p re s e n t in 
t r a c e  q u a n titie s  on ly . T h e  o vera ll yield o f  benzocyclobutene  
is  Z 3 % *  T h is  is a n e w ,  t w o  s tag e  synthesis  o f  benzocyclobutene  
f ro m  com m ercially available s ta r t in g  m a te r ia l, and com pares  
fa v o u ra b ly  w ith  th o s e  previously p u b lish ed .5' 6' 7* 8
u
SBCTX'OM ©
A ro m a tie & tio n  o f  C yoiooofc& totraoae *
IN T R O D U C T IO N
C y e lo o c ta te tr& e n e  ( C . O . T . )  has a t t r a c t e d  considerable
Ufi
a t te n t io n  since W i l ls ta t te r , in an a t te m p t  to  c re a te  a  new  
non-benzenoid a ro m atic  system  , synthesised th e  molecule and 
found i t  devoid o f  a ro m atic  c h a ra c te r . T h e  com m ercial 
a v a ila b ility  o f  C . O . T • by th e  nickel—catalysed  te tr& m e ris a tio n  
ox a c e ty le n e  devised in w a r - t im e  G erm any by R eppe e t  a l.  
and th e  many illu s tra tio n s  o f  i ts  anomalous re a c tio n s , by th e s e  
sam e a u th o rs , provoked an a t ta c k ,  th e  in te n s ity  o f  which is 
p re c ed en te d  in chemical h is to ry  only by th e  re se a rch  on benzene 
i t s e l f *  T h e  many fa c e t©  o f  th e  ch em is try  o f  C * 0 * T #  which 
w e re  uncovered a re  amply review ed  by C r a ig 12 and R aphael.1*9 
T h e  presence o f  C . O . T *  in th e  dehydrobrom ination  
p ro d u c t o f  1, 2 , 59 6 -  te tra b ro m o c y c lo o c ta n e  and th e  possib ility  
t h a t  benzocyclobutene had been produced in th e  re a c tio n  by 
re a rra n g e m e n t o f  C . O . T . ,  as elim ination p ro d u c t, led us to  
sp ecu la te  on th e  fe a s ib ility  o f  d ire c t  isom eration  o f  C . O . T .  to  
b enzocyclobutene. T h is  speculation is n o t unfounded a s , on 
re a c t io n , C . O . T .  read ily  fo rm s  both  bridged and b enz enoid 
compounds. A  p a rtic u la r ly  good illu s tra tio n  o f  th e  fo rm a tio n  
and m obility  o f  th e  bridged s tru c tu re  is shown in th e  p re p a ra tio n  
o f  c y c lo o c ta te tra e n e  raonobromide (67a)  • H alogenation  o f  C . O . T .

gives tn e  bicyclo system ( 6 6 ) ,  fo rm a tio n  o f  which has bean 
explained by P r ie s s  ^  in th e  case o f  (66a)  as tran s an n u la r  
re a rra n g e m e n t o f  C . O . T .  on electrophiUc a t ta c k  to  give th e  
carbonium  ion (65a)  hence to  ( 6 6 a ) .  T re a tm e n t  o f  th is  w ith  
phenyl lith ium  g iv e s  (67a)  by a process explained by Cope 5° as 
basic d isp lacem ent o f  a p ro to n  fo llow ed by re v e rs a l o f  th e  
bridging p ro c e s s .  exam ples o f  valence ta u to m e ris m  p a rtic u la r ly  
in re g a rd  to  D ie ls -A ld e r  adduct fo rm a tio n  have a lread y  been d e a lt  
w ith .  P erm an g an ate  and chrom ic acid oxidation o f  C . O . T .  yield  
benzoic ( 7 0 )  and phthalic  (71) acids re s p e c tiv e ly , while pyro lys is  
o f  th e  dichloride (66b)  gives -  ch lo ro sty ren e  ( 6 8 b ) . * 0' ^  f 
P h o to ly s is  o f  C . O . T .  gives benzene (7 2 )  plus a c e ty le n e , and 
p h o to iso m erisa tio n  yields s ty re n e  ( 2 3 ) .  & R ing opening reac tio n s  
a r e  also known $$ e . g .  a tte m p te d  p re p a ra tio n  o f  th e  cyanide 
( 6 6 c )  fro m  th e  dibrom ide (66a)  gives th e  s tra ig h t  chain 
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D I S C U S S I O N
Is o m e ris a tio n  o f  c y c lo o c ta te tra e n e
S e v e ra l experim ents in which C . O . T .  was t r e a te d  
w ith  10% potassium  t  — butoxide in diglym e, under vary in g  
cond itio ns , a re  described below , and th e  re s u lts  shown opposite*
( i )  T r e a tm e n t  o f  C . O . T .  a t  8 0 ° f o r  tw e n ty - fo u r  hours and 
th e n  a t  100° f o r  a fu r th e r  tw e n ty —fo u r  hours gave unchanged 
s ta r t in g  m a te r ia l, which on fu r th e r  t r e a tm e n t  a t  130° f o r  
seven teen  hours gave p ro d u ct B .
( i i )  R e p e tit io n  o f  th e  a tte m p te d  isom erisation  o f  C . O . T .  a t  
100° f o r  eighteen hours gave p rod uct C .  T h e  in fra re d  s p e c tra  
o f  p ro d u c ts  B  and C  w e r e  iden tica l to  th a t  o f  p ro d u c t A  fro m  
1, 2 ,  5 f 6 -  te tra b ro m o c y c lo o c ta n e . G . D . C *  analyses  
d e m o n s tra te d  t h a t  all th re e  p rod ucts  contained th e  same fo u r  
com ponents, C . O . T .  ( 8 ) ,  unknown ( 2 2 ) ,  s ty re n e  (2 3 )  and th e  
la s t  peak composed o f  benzocyclobutene (1) and unknown ( 2 4 ) ,  
b u t in d i f fe r e n t  concentrations (ta b le  1, runs 3* 4 , 5 l  ta b le  2 ,  
runs 16, 17, 18, 19).  T h e  la s t peak was collected by p re p a ra tiv e  
G . D . C .  using a 1# silicone grease column and its  a c c u ra te  in fra re d  
and u ltra v io le t  s p e c tra , previously used to  deduce a s t r u c tu r e
f o r  unknown ( 2 4 ) ,  a re  shown in f ig s . 2 and 3 re s p e c tiv e ly .
C . O . T .  is notorious fo r  producing th e  u n expected ,
and t h a t  th is  re p u ta tio n  is by no means ill-fo u n d ed  was  
d e m o n s tra te d  when th e  isom ©ration a t  130^ was re p e a te d *
( i l l)  T re a tm e n t  o f  C . O . T *  w ith  13$ potassium  t  — butoxide  
a t  130 f o r  fo u r te e n  hours gave an oil which was sep ara ted  
in to  th r e e  boiling—point ranges* T h e  lo w e s t  boiling fra c t io n  
(p ro d u c t E)) displayed a sim ilar in fra re d  spectru m  as p ro d u cts  
B  and C ,  b u t th e re  w ere  additional peaks a t  1600, 1296, 1194 
and 1112 cm* and G . L . C .  analysis (ta b le  1, run  5) revealed  
th e  p resen ce  o f  tw o  new  components (73 )  and (7 4 )  in t r a c e  
and c a . 23$ re s p e c tiv e ly . T h e re  was now only negligible 
am ounts  o f  C . O . T .  and unknown (22 )  b u t an in crease  in th e  
p ro p o rtio n  o f  s ty re n e . T h e  re lationships b e tw een  p rod ucts  
B , C  and D  a re  shown in flo w  sheet 3*
H yd ro g en a tio n  o f  p rod uct D .
C om plete  hydrogenation o f  p ro d u ct D  gave peaks  
corresponding to  benzocyclobiitene (1) and e th y l benzene ( 2 6 ) .  
A n a ly tic a l G . B . C .  (ta b le  3 , runs 2 3 , 2 4 , 25 ) revealed  f iv e  
p e a k s , tw o  o f  which w e re  id en tified  by mixed chrom atogram s  
as e th y l benzene and benzocyclobutene. T h e  o th e r  th re e  
com ponents w e r e  (75 )  in a p rop ortion  in ag reem en t w ith  
hydrog en ation  o f  th e  new unknown ( 7 4 ) ,  component (2 7 )  o f  
th e  sam e re te n tio n  tim e  as hydrogenated unknown (2 4 )  in 
p ro d u c t A ,  and presum ably th e  co—production o f  (24 )  and 
benzocyclobutene (1) w ith  coincident re te n tio n  tim es  is also 
o c c u rrin g  in th is  case, and component (25b)  in t r a c e  q u a n tity ,
also p re s e n t in hydrogenated p ro d u ct A.* T h e  com ponents  
{ 7 5 )  $ ( 2 7 )  and (1) w e re  collected by p re p a ra tiv e  G . B . C .  using  
a 10$ A p iezon ’L * column, and th e  la s t  com ponent id e n tif ie d  by 
in f ra r e d  as benzocyclobutene. T h is  c o n s titu te s  a new  one 
s ta g e  synthes is  o f  benzocyclobutene in 13$ y ie ld .
F ro m  th e  re la t iv e  prop ortions  o f  th e  o th e r  com ponents in 
unhydrogenated  p ro d u ct D ,  th is  c o n s titu e n t can only come fro m
suggested t h a t  sodium in alcohol reduction  o f  C . O . T .  ta k e s
7 -  t r ie n e  (35 )  fo llow ed by 1, 4 -  addition o f  hydrogen giving 
th e  3 ,  7 — diene (64 )»  which undergoes f u r th e r  hydrogenation  
w ith  re a rra n g e m e n t giving all th re e  isom eric  cyclooctad ienes.
T h is  lends some supp ort to  th e  suggestion t h a t  cyclooctane (25a)  
is  fo rm e d  by hydrogenation o f  bicyclo | 4 .  2 .  oj o c ta  - 2 , 4 ,  7 -  
t r ie n e  p re s e n t as th e  new  component (7 4 )  in p ro d u c t D .
sum m arised and com pared w ith  t h a t  o f  e th y l cyclohexane, in  
ta b le  7 . F ro m  th is  spectrum  i t  has previously been te n ta t iv e ly  
suggested t h a t  component ( 2 7 ) ,  p re s e n t in bo th  hydrogenated  
p ro d u c ts  A  and D  and presum ably in B  and C ,  is
C om ponent (75 )  had an in fra re d  sp ectru m  concordant 
w ith  t h a t  o f  acycloalkane and is probably cyclooctane ( 2 5 a ) .
com ponent (74 )»  A s  previously m entioned, C o n e s 2'7 has
place by in itia l isom © ration to  bicyclo
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bicyclo j^4# 2# ( T J  o c ta  — V — one fo rm ed  by hydrogenation  
o f  bicyclo jdf# 2# o j o c ta  — 1, 3# 6 — tr ie n e  ( 2 4 ) *  T h e  
cessatio n  o f  hydrogenation a t  th is  s tag e  may be a consequence o f  
th e  v e ry  rig id  cyclobutane s tru c tu re #  T h e  re la tionsh ips  b e tw e e n
p ro d u c ts  A ,  B ,  C  and D  a re  shown in f lo w  sh ee t 4#
T h e  mechanism o f  a ro m atlsa tio n  o f  c y c lo o c ta te tra e n e #
T h e  s tru c tu re  o f  G • Q #T  # has been th e  sub ject o f  
ex ten s iv e  physical exam ination by many w o rk e rs , p rom in en t 
among whom a re  K a u f m a n ,55 T an aka  ̂  and B ip p en co tt,5'  and
th e  molecule is known to  e x is t as dn all cis •tu b 1 s t r u c tu r e  (8 a )
w ith  a lm o st com pletely localised a lte rn a tin g  single and double 
bonds# T h e  generally accepted mode o f  b ase -ca ta lysed  
p ro to tro p ic  re a rra n g e m e n t cannot apply in such a  rig id  no n-p lanar  
sys tem  and an a lte rn a tiv e  mechanism m ust be soug ht. T h e  
problem  is to  change th e  rigid localised *tub* s t ru c tu r e  in to  a 
p lan ar delocalised s tru c tu re  which w ill p e rm it unhindered m ovem ent 
o f  e lec tro n s#  T h e  energy requ ired  to  do th is  would necessarily  
have to  be la rg e  and some com pensatory f a c to r ,  such as th e  
p ro d u ctio n  o f  a highly resonance-stab ilised  a ro m a tic  s y s te m ,  
m u st be involved. H uckels application o f  m olecular o rb ita l  
th e o ry  to  a ro m atic  compounds led to  th e  p red ic tio n  t h a t  
m onocyclic molecules containing 4 n + 2 e lec tro n s  would be 
a ro m a tic . T h is  has been adequately d em o n stra ted  in th e  cases

o f  th e  cyclopentadienyl anion (7 6 ) f^  th e  c y c lo h e p ta tr  ienyl 
c a tio n  (7 7 )  ^  and w here  n >1 in 0ondheim er*s ^  
cyclooctadecanonaene (78 )  and A llin g e r’s ' 1, 4 ,  5 -
tr ia z a c y c lo h e p ta  -  2 ,  6 -  diene (7 9 )  • T h e  a ro m a tic  system  
embodying C . Q . T .  is th e  c y c io o c ta te tra e n y l dianon (81) •
T h is  has been p rep ared  by K a t z  and t h e  N . M . R . ,  U . V . ,  I . R .  
s p e c tra  and th e  wav®—mechanical assessm ent a re  in accord  w ith  
th e  th e o ry .58' 63’ 65'  “  K a tz  has f a r t h e r  shown t h a t  th e
p ro d u c t o f  th e  t r e a tm e n t  o f  C . O . T • w ith  sodium o r  lith ium  in 
te t ra h y d ro fu ra n  is an equilibrium m ix tu re  o f  th e  •tub* s t ru c tu r e  
c y c lo o c ta te tra e n e  ( 8 a ) ,  th e  p lanar c y c io o c ta te tra e n y l rad ica l 
anion (80 )  and th e  p lanar c y c io o c ta te tra e n y l dianion (81) w ith  
th e  equilibrium lying to  th e  r ig h t • T h e  dianion fo rm a tio n  has  
been used to  p re p a re  C . Q . T .  d e r iv a tiv e s , th u s  carbonylation  
gives cycloocta  -  I ,  3* 6 -  tr ie n e  -  5 , 7 -  d icarboxylic  acid (8 2 )  
and oxidation  gives cyc lo o c ta trien e  ( 6 ) .
In  our w o rk  when th e  diglyme solution o f  potassium  
t  — butoxide was added to  th e  C . O . T .  solution th e r e  was an 
in s tan tan eo u s  colour change fro m  colourless to  b r ig h t p u rp le , 
re v e r t in g  to  green on standing and back to  purp le  on shaking.
I t  has been noted  e lsew here th a t  n o t a ll th e  t  -  butoxide  
dissolves in th e  diglyme b u t a milky suspension is obtained which  
slow ly s e t t le s .  T h e  colour change on shaking suggests a
re a c tio n  b e tw een  C . O . T .  and solid bu to x ide . H e a tin g  produced  
a deep re d  solution which p e rs is ted  fo r  th e  f i r s t  hour th en  
slow ly d a rk en ed . A  sim ilar colour change is re p o rte d  by 
W it t i g 68 in th e  p re p a ra tio n  o f  th e  disodio d e r iv a tiv e  o f  C . O . T .  
using t r i t y l  sodium — Hon mixing th e  tw o  re a c tio n  com ponents  
th e r e  w as an im m ediate deep red  co louration  which c leared  to  
an orange s o lu tio n ,w and is presum ably associa ted  w ith  (d i) anion 
fo rm a t io n . On th is  evidence th e  mechanism proposed fo r  th e  
fo rm a tio n  o f  th e  p rod ucts  obtained by base t r e a tm e n t  o f  C . O . T .  
is  in it ia l fo rm a tio n  o f ' t h is  a ro m a tic  c y c io o c ta te tra e n y l dianon 
(possib ly in equilibrium w ith  C . O . T .  and th e  rad ica l anion) which 
on hydro lys is  yields th e  re p o rte d  p ro d u c t.
T h e  fo rm a tio n  o f  th e  same p ro d u cts  fro m  both  1, 2 ,  5* 6  
te tra b ro m o c y c lo o c ta n e  and C .O .T #  support th e  p rem ise  t h a t ,  in 
th e  fo rm e r  case , th e s e  a re  fo rm ed  via C . O . T .  and i ts  dianion.
I t  is ,  h o w e v e r, d o u b tfu l I f  th is  dianion would fo rm  in th e  presen ce  
o f  £  -  b u tan o l, although excess t  -  butoxide is p re s e n t . W h e th e r  
th e  p ro d u c ts  a re  fo rm ed  d ire c tly  by dehydrobrom ination o r  via th e  
dianion rem ains unknown.
N one o f  th e  higher boiling fra c tio n s  obtained w ith  
p ro d u c t D  fro m  C . O . T .  have been in v e s tig a te d . T h e  h ighest 
boiling f r a c t io n , a low  m elting solid, is  probably th e  d im er o f  
C . O . T . ,  m .p *  4 1 .5 ° , described by H a g ih a ra ^  and N yb u rg ?0
C O N C L U S IO N
C y c lo o c ta te tra e n e  has been successfu lly  isom erised  
to  a  m ix tu re  o f  mainly f iv e  components o f  which C . O . T . , 
s ty re n e  and benzocyclobutene have been id e n tif ie d  and th e  
s tru c tu r e s  o f  th e  rem aining tw o  suggested to  be 
b icyd o  j j * .  2 . o ]  o c ta  -  1, 3 » 6  -  t r ie n e  ( 2 4 ) and 
bieyelo |4 *  2 .  0 J o c ta  -  2 , 4 , 7 -  t r ie n e  (3 5 )  • T h e  
r e la t iv e  am ounts o f  these are dependent on th e  te m p e ra tu r e .
In  an isom © ration at 130° in which all five w e re  produced th e  
yield o f  benzocyclobutene was 13% * This is  th e  s im plest 
synthes is  o f  benzocyclobutene and th e  yield com pares favo u rab ly  
w ith  th o s e  obtained by o th e r  ro u te s . I t  is  suggested t h a t  th e  
mechanism involves th e  c y c io o c ta te tra e n y l dianion and , in 
consequence, th is  is th e  f i r s t  t im e  a benzenoid a ro m a tic  isom er  
has been produced fro m  C . O . T *  w ith o u t rin g  fis s io n .
B XPSR1MBM T A B
The general points on experimental p ro ced u re  given  
a t  th e  beginning o f  th e  experim enta l o f  P a r t  I  apply h e re *
C is f ci© •  I f  5 •  cycloo ctad iene (19) was obtained fro m  th e  
C it ie s  S  e rv ic e  and D evelopm ent C o* ^  a© a  colourless oil 
b # p . l5 2 ° /? 6 0  n u m .*  »  ^ 0 *5 °  1 .4939 , S) 3010 (C H  «* C H ) ,
1644 (C* c ) , 700 c.m*'"** (ci© -  double bond)* A ll as quoted  
by th e  m a n u fa c tu re rs *
P yrid ln ium  brom ide perbrom lde 2g* ^
Biquid bromine (100 g * ,  3 2 *2  m . l * s 0 *6 3  m o l.)  was  
added w ith  s t ir r in g  and cooling to  a cold solu tion o f  pyrid ine  
( 6 0  ml. f 36*2 g* 0*73 m ol*) In k&% hydrobrom ic a d d  (120 m l* ) *  
T h e  solid p ro d u c t was f i l t e r e d ,  washed w ith  glacial a c e tic  acid  
and re c ry s ta llis e d  fro m  th e  same so lvent to  give o range needles 
(144 g» ,  78*)#
if 2f 5» 6 -  T e trab ro m o cyc lo o c tan e  (21)
A  solution o f  pyridlnium brom ide perbrom id©
(120 g * f 0 .3 3  m o l.)  in p yrid ine /m ethano l (4  I i» 4 0 0  m l* )  was  
added slow ly w ith  s t ir r in g  to  a  solution o f  I ,  5 -  cycloctad iene  
( 19) (2 0  g * ,  0.185 m o l*) in bens©ne/m ethanol (1 t 1,  400 m l* )  
a t  room  te m p e ra tu re , and th e  m ix tu re  allow ed to  s tan d  o v e rn ig h t.
M o s t o i  th e  m ethanol was th en  rem oved under w a te r  pump 
p re s s u re  and th e  m o th er liquors added to  w a te r  (500 m l* )  
and e x tra c te d  w ith  e th y l a c e ta te  (3  x  300 m l . ) .  T h e  
e x t r a c ts  w e re  washed with. 6  N  hydrochloric  acid (2  x  500  m l.)  
and d ried  o v e r magnesium sulphate* M o s t o f  th e  e th y l a c e ta te  
w as ..then rem oved and th e  residues c rys ta llis ed  fro m  ethanol to  
give th e  te tra b ro m id e  as colourless c ry s ta ls  (6 6  g . f 83%) 9 
m .p *  147 -  148°. (Found : C ,  22 .2?5 H ,  -2 .9 4 *  C 8  H 12 B r ^
re q u ire s  G , 2 2 .4 6 j H ,  2*82%) . T h e  N . M . R .  s p e c tru m  was run
on a  1 m olar solution in ch lo ro form  and showed broad absorp tio n  
b e tw e e n  5*15  -  5 *3 6  ( m ethylenic p ro to n s ) and 7 .0  -  7 * 9 5  T' 
(m e th in e  p ro to n s ), a re a l ra tio  c a * 2 % i .
D eh yd ro cro m In atio n  o f  1, 2 , 5 # 6  — te tra b ro m o c y c lo o c ta n e  ( 21 )
( F o rm a t ion o f  produ c t  A * )
i.i *iiw— a 111 w iw w w © 1 h»i mu t > * * i im»— ii i*
A  solution o f  1, 2 ? 5# 6  -  te tra b ro m o c y c lo o c ta n e  
(61 g . , 0.14 m o l.)  in diglyme (3 0 0  m l.)  was added o v e r t h i r t y  
m inu tes  w ith  s t ir r in g  to  a solution o f  potassium  t  -  butoxide  
( f r o m  3 8  g . o f  potassium ) in diglyme (3 0 0  m l.)  under n itro g e n  
a t  3 0 ° .  T h e re  was an im m ediate exo therm ic  re a c tio n  w ith  
black co lo u ra tio n . H ea tin g  was commenced im m ediate ly  and 
th e  te m p e ra tu re  o f  th e  m ix tu re  m aintained a t  120° ,  s t ir r in g  
being discontinued a f t e r  seven h o u rs . A n  a liquot (28  m l . ) was  
rem oved a f t e r  tw e n ty - tw o  hours and on w orking up as below gave
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a b ro w n  oil (200 m g . ) » In f ra r e d  exam ination ind icated  t h a t
dehydrobrom ination  and a ro m atisa tio n  had o cc u rred * T h e
re a c tio n  m ix tu re  was th e r e fo re  cooled, poured in to  w a te r
(7 5 0  m l* ) ,  e x tra c te d  w ith  40  -  6 0 °  p e tro l ( 4  x  4 00  m l . ) f th e
e x t r a c ts  washed w ith  w a te r  (6  x 500  m l*) and d ried  o ver
magnesium su lphate* . Removal o f  th e  so lvent th ro u g h  a 15M
D u fto n  column and fa s t  d is tilla tio n  gave a colourless liquid
(p ro d u c t A )  ( 6  g . ) ,  b .p . 135 -  1 4 5 °/7 6 0 , 44 -  4 6 ° / l3  m m *,
\) an(  ̂ 3010 , 1622, 700  and 6 72  cm*"" (u n s a tu ra tio n ,
els -  double bonds) vBtOI-I 2 3 5  ( £ , 918) ,  2 6 0  ( 6 7 5 ) ,
x m ax.
266  (6 4 4 )  s 272 m/c ( 467 ) *  S p e c tru m  broad see f ig *  1*
Ga&-4iquid chrom atography o f  p ro d u ct A . on A piezon *L>?, 
squalane, silicone grease and s ilve r n i t r a te  columns (ta b le  2 , 
ru n s  6 , 7 , 8 and 9 ) showed t h a t  p ro d u ct A  contained a t  le a s t  
fo u r  com ponents o f  which tw o  w e re  id en tifie d  as e y c lo o c ta te tra e n ©  
and s ty re n e  by mixed chrom atogram s (ta b le  2 , runs 14, 15) *
T h e  peak o f  longest re te n tio n  tim e  was collected by p re p a ra tiv e  
G  • L  * C . using a 1% silicone grease column a t  61°, A rg o n  f lo w  r a t e  
o f  0 *2 5  l./m in «  , R T  4 .3  n>in. A n a ly tic a l C . L . C .  o f  th e  
co llected  fra c t io n  on 10# apiezon fL * /c e H te  a t  71°, f lo w  r a te  o f  
45 m l. /m in .  showed only one peak R T  19.6 m in. U lt ra v io le t  
s p ec tru m  ( f ig .  3 ) showed ^  3 * 3 4 } ,
2 6 6  ( 3 *4 2 ) ,  2 72  mjuu ( 3 . 3 8 ) identical to  t h a t  o f  benzocyclobutene.
T h e  mass sp ectru m  had an Iden tica l cracking  p a t te r n  to  t h a t  
o f  bo th  benzocyclobutene and c y c lo o c ta te tra e n e , o f  m olecular 
w e ig h t 104 .
Alkaline permanganate oxidation of benzocyclobutene*
B enzocyclobutene (kindly supplied by P r o f .  H o m e r ,
M a in z ) (5 9  m g .)  was h eated  a t  100° f o r  tw o  hours w ith  
potassium  perm anganate  (1 g . )  and sodium b icarb o n ate  ( 0 .1  g . )  
in w a t e r / t  -  butanol (4  i 1, 15 m l.)  so lu tion . T h e  re a c tio n  
m ix tu re  was th e n  cooled, ac id ified  w ith  6  N  sulphuric acid and 
h e a te d  f o r  a  f u r th e r  t h i r t y  m in u tes . S u f f ic ie n t  solid sodium 
bisu lph ite  was added to  rem ove th e  p re c ip ita te d  manganese dioxide, 
m o re  w a te r  (10 m l.)  added and th e  solution e x tra c te d  w ith  e th e r  
(3  x  15 m l . ) .  T h e  e x tra c ts  w e re  washed w ith  s a tu ra te d  s a lt  
solu tion  ( 2  x  20  m l . ) ,  d ried  o ver magnesium su lphate and th e  
so lven ts  rem oved to  give a w h ite  solid (6 6  m g ., 70%)
Alkaline permanganate oxidation of product A .
P ro d u c t A  (61 m g .) oxidised as above gave a w h ite  
solid (3 3  m g .)  which sublimed a t  130 -  l6 0 ° /7 6 0  m m . as  
ph th a lic  anhydride , m .p . and mixed m .p . 130°• (P ound t C ,
64 .82?  H ,  3 .3 7 .  C a lc , f o r  C g O ^ i C ,  64 .87?  H ,  2 .7 2 $ ) .  
D ir e c t  com parison w ith  th e  oxidation o f  p u re  benzocyclobutene  
showed t h a t  p ro d u ct A  contained 4 8 .4 $  o f  benzocyclobutene  
corresponding to  a yield o f  2 0 $ fro m  1, 2 , 5 ,  6  -  te tra b ro m o c y c lo ­
o c ta n e .
m
In f r a r e d . e s tim a tio n  o f  th e  content: o f  benzocyclobutene  
in p ro d u c t A ,
T h e  o p tic a l density  o f  a carbon disulphide solution o f
p ro d u c t A  was d ire c tly  compared w ith  th e  o p tica l d ensities
o b ta ined  fro m  solutions o f  a u th e n tic  benzocyclobutene in th e
sam e s o lv e n t, using th e  O ^ - d isu b s titu tio n  band a t  714 cm
W eig h t o f  p ro d u c t A /10  m l.C S g  O p tic a l D e n s ity
solution
19.1 m g. 0 .1 2 0
W eig h t o f  benzocyclobutene /10  m l. 
solution
11.74 m g. 0 .136
2 3 .0 0  m g. 0 .2 6 5
P ro d u c t  A  th e r e fo r e  contains 55# o f  benzocyclobutene  
corresponding to  a  yield o f  2 3 # fro m  1, 2 , 5 ,  6  -  
te tra b ro m o c y c lo o c ta n e  •
Hydrogenation of product A . (flow sheet 1).
P ro d u c t A (614 m g .) in cyclohexane (10 m l.)  was added 
v ia  a  hypoderm ic syringe and serum  cap to  a prehydrogenated  
m ix tu re  o f  5 # pallad ium /charcoal (5 0  m g .)  in cyclohexane (7 0  m i.)  
and th e  res u ltin g  m ix tu re  h ydrog en ated . T h e  hydrogen u p take  
w as 180 m l. ,  0.008 m ol. M o s t o f  th e  so lven t w as rem oved  
th ro u g h  an 8 11 V ig re u x  column to  give a colourless oil
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\ )  7 7 9 , 712 (a ro m a tic  X -  C H , as in benzocyclobutene) ,
7 50  and 6 9 6  (a s  in e th y l benzene) 7 42  sh . (unknow n) and 
6 9 8  cm * * ( cis -  double bond) , o th e r  regions com plicated by 
cyclohexane /%***** 240  -  2 4 5  ( s h . ) ,  2 6 0 , 266 and 2 7 2  m /-u .nicLX« /
EDthyl benzene A ^ax? *®  ( l o g £ ) .  2 4 8  ( 2 . 2 ) ,  255 ( 2 . 4 ) ,
261 ( 2 . 4 ) ,  268 (2 .3 )7 *
A n a ly tic a l G . L . C *  o f  hydrogenated p ro d u c t A  on 10$ A p iezon  
•L * showed fo u r  peaks (ta b le  3 , run  2 0 ) tw o  o f  which w e re  
assigned to  e th y l benzene and benzocyclobutene on th e  basis o f  
m ixed chrom atogram s (ta b le  3 , runs 21, 2 2 , 2 4 , 2 6 ) .
P re p a ra t iv e  scale G .L r .C .  on th e  G r i f f in  and G eorge  
ap p a ra tu s  using a 10$ A piezon •L* column a t  80d w ith  a  flo w  
r a t e  o f  2 . 6  l . /m in .  was only p a rtia lly  successfu l in t h a t  e th y l 
benzene was e f fe c t iv e ly  rem oved . T h e  in fra re d  sp ec tru m  o f  
th e  re s u ltin g  oil had peaks a t  7 7 8 , 714 (benzocyclobutene) and 
1660, 6 9 8  cm .~* (c is  -  double b o n d ). F u r th e r  a t te m p ts  w e re  
made impossible because o f  in s tru m e n t fa i lu re .
D ie ls  -  A ld e r  adduct fo rm a tio n  o f  p ro d u c t A . (F lo w  sh ee t 2 ) .
P ro d u c t A  (1 .72  g . )  in benzene ( 6  m l.)  was re flu x e d  
w ith  m aleic anhydride (0 .8 7  g * ) f o r  tw o  hours and allow ed to  
s ta n d  in th e  cold f o r  tw o  days when long needle c ry s ta ls  
s e p a ra te d . T h e  s u p e rn a ta n t liquors w e re  rem oved and
10 o
successively  t i tu r a te d  w ith  40 — 6 0 °  p e tro l u n til solid 
p re c ip ita tio n  ceased. T h e  w h ite  p re c ip ita te s  w e re  c e n tifru g e d  
f ro m  th e  p e tro l—benzene solution and combined w ith  th e  needle  
c r y s ta ls .  M o s t o f  th e  solvents w e re  rem oved fro m  th e  m o th e r  
liq u o rs , u n d er w a te r  pump p re s s u re , to  give a b row n oil contain ing  
som e an h yd rid e , \) *760, IW *  c m .“ l  D is t il la t io n  gave
an o il, b .p .  49 -  55°/15  m m ., 'O m ax. 161°» 1475 {a ro m a tic  c * * c ) ,  
778 , 713 ( £  — d isu b s titu tio n  in ben zo cyc lo b u ten e), 9 8 2 , 9 0 0 , 694  
c m « ^  ( s ty re n e ) *
A n a ly tic a l Gr»L/ > C . (ta b le  1, run  2 ) showed th e  sam e fo u r  peaks  
as u n tre a te d  p ro d u c t A ,  b u t th e  a re a  o f  th e  la s t  peak had  
diminished re la t iv e  to  th e  o th e rs . T h e  main peaks (2 3 )  and (1) 
w e re  se p a ra te d  by p re p a ra tiv e  G . D . C .  using a 10# A p iezon *Ibf 
column and th e  in fra re d  s p e c tra  o f  th e  co llected  oils w e re  found  
to  be id en tica l to  th o se  o f  s ty re n e  and benzocyclobutene  
re s p e c tiv e ly .
T h e  adduct o f  p ro d u ct A .  (51b)
T h e  combined solid p rod ucts  obtained in th e  above  
exp e rim e n t sublimed a t  100 -  120° / 0 .1  m m . as w hit©  needles  
m .p *  145° (sublim ation to  cover slip a t  1 3 5°)*  (F o u n d  * C ,  71*24; 
H ,  5 .2 0 *  Cjg H|q Og req u ires  C ,  71.28; H ,  4 * 9 9 # )*  T h e  
in f ra re d  sp ectru m  is shown in f ig .  4  and th e  te n ta t iv e  peak
assignm ents  in ta b le  6 . T h e  mass spectru m  showed a p a re n t
peak corresponding to  a m olecular weight of 2 0 2 , ( C ^  H 10 O ^ ) 
N . M . R .  in ch lo ro fo rm  ( f ig .  5 ) showed peaks a t  3 .6 2  -  3 .51 
( th r e e  p eaks; o le fin ic  p ro to n s ) , 7 .2 5  ( tw in  peak; m eth ine
p ro to n s  ©£ -  to  a n h y d rid e ), 7 .4 0  (a lly lie  p ro to n s ) and 8 . 4  — 7 .5  ~ 
(d i f fu s e  peaks; m ethylenic p ro to n s ) . T h e  a re a  o f  peaks  
asso c ia ted  w ith  m ethine and allylic p ro to n s  was tw ic e  t h a t  
asso c ia ted  w ith  th e  o lefin ic  p ro to n s  as m easured by w e ig h t.
T h e  m aleic anhydride adduct o f  cyclo o c ta te tra e n e  (5 1 a ).
Mo
M eth o d  A . C y c lo o c ta te tra e n e  (537  m g . )  was h e a te d  w ith
m aleic anhydride (591 mg.) In O -  d iclorobenzene a t  160 -  170° f o r
one h o u r . On cob ling a yellow  solid s e p a ra te d . T h e  so lvent w as
rem oved by washing w ith  e th e r  and yellow  c ry s ta ls  (7 8 9  m g .,
74#) w e re  ob tained* Sub lim ation  o f  th e s e  a t  100 — 120°/0 .1  m m .
Mo
gave colourless c ry s ta ls  m .p . 168° as in l i t e r a tu r e  sublim ation  
to  co ver slip a t  140°) (Found s C ,  71.25? H ,  5 .4 0 .  C a lc , f o r  
C jg  H jq O 3  5 C ,  71.28; H ,  4 .9 9 # )  T h e  in fra re d  sp ectru m  is 
shown in f ig .  4 , and th e  group freq u e n c ie s , and th e ir  te n ta t iv e  
ass ig n m en ts , coincident in th e  spectru m  o f  th e  addu ct o f  p ro d u c t  
A ,  in ta b le  6 . T h e  mass spectru m  showed no s ta b le  ion above  
ra/ «  130. T h e  cracking p a t te r n  ind icated  loss o f  Cg H g , ,
benzene and Cg Qg in accord  w ith  th e  s tru c tu re #  T h e  N .M .R .  
sp e c tru m  in ch lo ro fo rm  showed peaks a t  4 . 2  (o le fin ic  p r o to n s ) ,
7*01  (p ro to n s  allylic to  th e  double bond o f  th e  cyclobutene r in g ) ,  
7 .2 9  (p ro to n s  <  -  to  an h yd rid e ), 7 .9 2  '7 (a lly lic  p ro to n s  a t  
bridge head) and no signals associa ted  w ith  m ethylen ic  p ro to n s . 
T h e  r a t io  o f  th e  a rea s  o f  th e  peaks asso cia ted  w ith  o le fin ic  to  
n o n -o ie fin lc  p ro to n s  was c a . 2  s 3 , as req u ire d  by th e  fo rm u la . 
M eth o d  B .
C y c lo o c ta te tra e n e  (130 m g .)  was ra flu x e d  w ith  m aleic  
anhydride ( 13? m g .) in benzene (3  m l.)  f o r  tw o  hours and th e  
re a c tio n  m ix tu re  allowed to  s tand in cold f o r  a f u r t h e r  tw e n ty  
h o u rs . T i tu r a t io n  w ith  benzene gave a  b row n solid (180 m g .)  
which on sublim ation a t  100 -  120°/0 .15  m m . s e p a ra te d  in to  tw o
C3 0fra c t io n s  m .p . 53  (m ale ic  anhydride) and 166-7 ( th e  req u ired  
a d d u ct) • V isu a lly  i t  was ap p a re n t t h a t  unchanged m aleic  
anhydride was p re s e n t to  an e x te n t > 5 0 $ . In f r a r e d  spectru m  
o f  c ry s ta ls  m .p . 166- 7°  was id en tica l to  t h a t  o f  th e  adduct 
p re p a re d  as in m ethod A .
T h e  m aleic anhydride adduct o f  benzocyclobutene ( 6  2 )
B enzocyclobutene (80 m g .) w as h ea te d  w ith  maleic  
anhydride (91 m g .) a t  2 0 0° f o r  te n  hours in a sealed tu b e . T h e  
c o n te n ts  w e re  th en  e x tra c te d  w ith  ch lo ro fo rm  and th e  so lvent 
rem oved to  give a brow n solid (154 m g ., 96%) sublimed tw ic e  a t  
!2 0 ° / 0 . 2  m m . as colourless c ry s ta ls  o f  1, 2 f 3* 4  -  te tra b y d ro  
- 2 , 3  -  naphthoic diacid anhydride (6 2 ) m .p . 186.5 -  18 7 .5 ° as  
in l i t e r a t u r e .
B X  P B R IM B N T A L
Ia o m e ria a tlo n  of C y c lo o c ta te tra e n e  
( i )  F o rm a tio n  of p ro d u ct B.
R ed is tilled  cy c lo o c ta tra e n e  ( b .p .  4 2 ° / l7  m m *, 6 .2  g * , 
0 .0 5  m o l.)  was h ea ted  w ith  potassium  t  -  bu toxide ( f r o m  10 g* 
po tass iu m ) and diglyme (300 ml.) under n itro g e n , with s t ir r in g ,  
a t  c a . 80° (100° bath temperature), f o r  tw e n ty  h o u rs . 
E x tr a c t io n  w ith  pentane and work up, as usual, gave an oil 
(4.5 g . ) ,  b .p .  31 -  32°/ll m m ., in fra re d  sp ectru m  a lm o st 
id en tica l to  c y c lo o c ta te tra e n e . T h is  p ro d u c t (4  g . )  was  
t r e a te d  again under th e  same basic cond itions, h ea tin g  th is  
t im e  a t  100° (110° b a th  te m p e ra tu r e ) ,  w ith o u t s t ir r in g , f o r  
tw e n ty - fo u r  hours and gave s ta r t in g  m a te r ia l ( 2 .6  g . )  containing  
a  l i t t le  a ro m atic  m a te r ia l \) 1600, 1475 c m .-1 . E’urtherLQ £L& •
t r e a tm e n t  of this with potassium t  -  butoxide (18 g.) in diglyme  
(180 mis.) for seventeen hours at 130° (140° b a th  te m p e ra tu re )  
again w ith o u t stirring gave an oil. (product B ; 730 m g .) .
In f r a r e d  spectru m  v e ry  sim ilar to  t h a t  of th e  dehydrobroru ination  
p ro d u c t A o f l ,  2 ,  5 , 6 -  te tra b ro m o c y c lo o c ta n e .
A n a ly tic a l G . E . C .  o f  p ro d u ct B  (ta b le  1, ru n  3 )  revea led  th e  
p resen ce  o f  fo u r  peaks w ith  th e  sam e re te n tio n  tim e s  as 
c y c lo o c ta te tra e n e  ( 8 ) ,  unknown ( 2 2 ) ,  s ty re n e  ( 2 3 ) ,  and
no
benzocyclobutene (1) p re s e n t as c a . 2 0 , 13, t r a c e  and 63$
re s p e c tiv e ly , o f  th e  m ix tu re *
( ! i )  F o rm a tio n  o f  p ro d u ct C *
C y c lo o c ta te tra e n e  (2  g . ,  0*019 m o l.) was t r e a te d  as
above w ith  potassium  t  -  butoxide (6  g * ) in diglym e (60  m l*)
a t  100° f o r  e ighteen hours to  give a b row n oil (1*96 g * ) ,
d is tilled  to  a colourless oil (p ro d u c t C ) ,  b.p*. 7 0 ^ /2 5  m m *,
in fra re d  spectru m  id en tica l to  t h a t  o f  p ro d u c t B ,  \^ h O H  ( ) ,
z' max *
251 s h . (6 1 5 ). 259 (6 1 0 ), 265 (6 0 6 ) and 2 72 ( 5 9 0 ) .
A n a ly tic a l G *L » C »  o f  p ro d u ct C  (ta b le  1, ru n  4 ) showed fo u r  
peaks th r e e  o f  which w e re  id e n tifie d  by mixed chrom atogram s  
( ta b le  2 ,  runs 11, 12, 13, 16, 1?, 18) as c y c lo c ta te tra e n e  ( 8 ) ,  
s ty re n e  (2 3 ) and benzocyclobutene (1 ) .  T h e  com position o f  
p ro d u c ts  C  and A  was also shown to  be th e  same by a mixed 
chrom atogram  (ta b le  2 ,  run 19)*
S e p a ra tio n  and s p e c tra l c h a ra c te r is tic s  o f  th e  main peak  
(benzocyclobutene and unknown (24 )) in p ro d u c t C *
T h e  main peak was co llected by p re p a ra tiv e  G . B . C .  using  
a  1$ silicone grease  column and th e  e lu a te  analysed as one peak  
on 10$ A piezon a t  y F ,  A rg o n  f lo w  ra t©  o f  k3 m l. /m in . ,
R ^  2 0 .8  m in. T h e  a c c u ra te  in fra re d  and u ltra v io le t  s p e c tra
o f  th e  co llected  sample and o f  benzocyclobutene a re  shown in 
f ig s *  2 and 3 ,  re s p e c tiv e ly . T h e  sa lien t absorp tio n  bands in
I ll
th e  in f ra r e d  sp ec tru m  o f  unknown (2 4 )»  obtained by s u b tra c tio n  
and th e ir  te n ta t iv e  assignm ents a re  ta b u la te d  in ta b le  4 *
(m ) F o rm a tio n  o f  p ro d u ct D ,
C y e lo o c ta te tra e n e  (6 .14  g»* 0 .0 5 9  m o l.)  in diglyme  
(100 m l.)  was added all a t  once to  a solution o f  potassium  
t  — bu to x ide  ( f r o m  20 g . o f  po tassium ) in diglym e (400  m l.)
T h e r e  w as an im m ediate  colour change to  b rig h t pu rp le  which  
tu rn e d  green  on shaking b u t re v e r te d  to  purp le  on s tan d in g .
T h e  m ix tu re  was h ea te d  a t  130° (140° ba th  te m p e ra tu re )  under 
n itro g e n  w ith o u t s t ir r in g  f o r  fo u r te e n  hours when th e  in fra re d  
s p ec tru m  o f  an a liquot showed t h a t  th e  re a c tio n  had o c c u rre d . 
T h e  re a c tio n  m ix tu re  was consequently cooled f e x tra c te d  w ith  
p en ta n e  (4  x  200 m l.)  and w orked up in th e  usual w ay to  give 
a  d a rk  brow n  oil 5«92 g . F a s t  d is tilla tio n  o f  th is  gave th re e  
f ra c t io n s  i
( a )  p ro d u c t D  (2 .1  g . ) ,  b .p .  50 -  7 0 ° /2 2 ,  140 -  153°/760  m m .,
in f ra r e d  spectru m  s im ilar to  t h a t  o f  p ro d u c ts  A ,  B  and C ,  w ith  
new  bands a t  1600 (a ro m a tic  G  ws C ) , 1296, 1194 and 1122 c m * f ^
( b)  S tra w  coloured oil (200 m g . ) *  b .p .  140 •» 170°/22  m m **
\) 3010 w , 2900 s* 2800 s , 1612 w , 1600 w 0 1560 w , 775 m ,
m a x .
755 m , 735 s * 708 m , 700 s c m .“ l , (a  m ix tu re  contain ing p ro d u c t  
D ) • T h is  p ro d u ct was n o t in v e s tig a te d .
(c )  b row n  oil (360 r a g . ) ,  solid ified on standing*
b .p *  100 -  1 2 0 ° /0 .0 5  m m ., \) 3 3 0 0  m (bonded -  O H ) ,
3010 s (C H  *» C H ) ,  1595 m (a ro m a tic  G  « G 7 ) , 1355 m ( -  O H ) ,
755 s { J — C H  m o d e ), 6 96  s c m ( ci s -  double b o n d ).
T h is  p ro d u c t possibly contains th e  d im er o f  c y c lo o c ta te tra e n e ,
. o 70m .p *  41.5  * T h e re  was a d a rk  brow n resinous residue
(1 ,0 6  g . )  fro m  th is  d is tilla tio n .
E s tim a tio n  o f  th e  benzocyclobutene c o n te n t o f  p ro d u c t D  by 
in f ra re d  ana lys is .
T h e  o p tica l density  o f  th e  in fra re d  ab so rp tio n  band a t  
714 c r a .^  w as determ in ed  f o r  known co n c en tra tio n s  o f  p ro d u c t  
D  In carbon disulphide solution and com pared w ith  th e  ab so rp tio n  
o f  th e  sam e band in a u th e n tic  benzocyclobutene. ( £  240) in 0 .5  m m . 
c e lls . T h e  re s u lts  a re  given below 1
W eig ht m g . o f  p ro d u c t O p tica l % benzocyclobutene.
D /10  m l. C S g  solution dens ity
(a )  19.74 0.051 2 2 .3
(b )  U 9 .8 0 .4 7  2 0 .4
T h e  mean benzocyclobutene co n te n t o f  p ro d u c t D  w as th e r e fo r e  
2 2 ,4 $  corresponding to  a yield o f  13*3$ fro m  c y c lo o c ta te tra e n e .
A n a ly tic a l G.L.C . o f  p ro d u ct P . ( ta b le  1, ru n  5) in d icated  a  
siac«*component system  consisting o f  unknown (7 3 )»  c y c lo o c ta te tra e n e  
( 8 ) ,  unknown ( 2 2 ) ,  s ty re n e  (2 3 )*  unknown (7 4 ) and a com ponent
o f  th e  same re te n tio n  tim e  as benzocyclobutene (1 ) .
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H y d ire a o n a tfa ft  o f  p r o d u c t  D .
.ik ro a u c t D  (4 6 6  m g*.) w a s  c o m p le te ly  h y d r o g e n a te d  
w ar 3̂  p a lla d iu m  oa c h a rc o a l (59 mg*) la  c y c lo h a x a n e  (30 m l# ) *  
K a m o v a l o f  m o s t  o f  t h e  eyc lohejcane o v o r  a  V lg r e u x  co lu m n  
fo l lo w e d  by m ic ro ^ a tt fJ Ia t& o n  g a v e  a  c o lo u r le s s  o il  (510 m |« ) »
T h e  I n f r a r e d  sp ectru m  was d o m in a te d  w i th  p e ak ®  a s s o c ia te d  w ith  
e t h y l  h a n s e n e  (7 5 9 »  6 9 6  c e #"^) a n d  b e n s o c y e lo b u a e n e  ( 7 7 8 ,  713 c m *" ^ )  
t h e  o th e r  regions masked by t h e  c y c lo h e x a n s  s t i l l  p re s e n t*
g d k i S & J ^
A n a ly t ic  G*T*.c* (table 3t run 23) in d ic a te d  t h e  p r e s e n c e  
o f  f i v e  c o m p o n e n ts , o f  w h ich  ethyl b e n s e n e  ( 2 b )  a n d  
b e a a o c y e lo b u te & o  ( I )  w e r e  id e n t i f ie d  by m ixe d  c h r o m a to g r a m s  
( t a b l e  3$ ru n s  24 # 2 5#  26 )*., T h e  t h r e e  m a in  c o m p o n e n t©  w e r e  
c o lle c te d  by p r e p a r a t iv e  s c a le  G * L , * C *  u s in g  a  K)£ A p ie a o n  *L,f 
co lu m n  and t h e  infrared s p e c t r a  o f  t h e  r e s u lt in g , o ils  fo u n d  t o  be  
( In  order o f  increasing U*p )
( a )  \) ^ ‘" 2  3 9 0 0 9 2 8 6 6 #  2 3 0 0  a n d  0 3 5  c m /" *  v e r y  s im ila r  t o
m a x *
t h a t  o f  e y o fe h e p ta n e *,
( b )  T h e  in f r a r e d  s p e c tr u m  o f  t h is  f r a c t io n  is  t a b u la te d  a n d  
c o m p a re d  w i th  t h a t  o f  e th y l  c y c lo h e x a n e  in  t a b le  7#, T h e  
a s s ig n m e n ts  a r e  t e n t a t iv e * .
( c )  T h e  u ltra v io le t  and in fra re d  s p e c tra  o f  th is  f r a c t io n  w e re  
id en tica l to  those o f  benzocyclobutene ( f ig s *  1 and 2 ) *
Table I
Saa-llquld ohrorap.tofjaphAe analysis of the Cq Hydro carbon mixtures.
(73)X (8) (22) (23) (74-) (l) and/or (24)
R Area Â t> rt \  Ar#a K * 'V \  Ar“  al * \  v ~  \  * \  \  ir“  S. * RT V “ a*1 *
(■In) (•*•«*)
Baal 22.5 O.Sl 1.4 0.036-2.9 24.4 0.65 1.8 U.di6.38 28.6 0.77 5.3 0.14 21.2 37.3 1 3? 1 82.1
mm 2 23.6 0.6 5*3 0.13 8.1 24.9 0.63 1.9 0.04 2.6 30.2 0.7716.5c*35 22.9 39*4 1 47.9 1 66.3
Ran 3 14.2 0.62 9.1 O.33 20.4 15 0.65 5.3 0.2113.2 17.9 0.78 1.7 0.06 3*8 23 1 28 1 62.6
Raan 4 15.5 0.62 32.3 0.37 23Ji 16.2 0.65 5.0 0.15 9,5 19.4 0.78 1.8 0.05 3.4 24.8 1 33.6 1 83.7
Ran 5 26*3 0,53 o*7 o.o4 1.5 18 0.59 0.5 0.03 1.1* 19.4 0.64 2.4 0.12 6.7 23.8 0.78 4.6 0.24 12.8 27.1 0.89 8.4 0.43 23*3 30.6 1 19.4 1 53.9
*  Retention time relative to  the la s t peak.
♦ Area rela tive to  that of the la s t peak.
o 0
Rm  1* DeJ^drefcitfî aation prtdust of 1, 2, §? 6- tswaferooc^olooct&ao at 72 t 25»ffli.
Ban 2. Dehydrobrorain&tion produet of 1# 2, 5# 6- tetrabremeeyeloootane after removal ef naleie.anhydride adduet at *8°* 25 a l .
Rim £• Xsomerisation produet 2 of eycleoefcatetraeaa a t 74°* 3® aft*
Pun 4. Isomerization product C of c^ol©ootatetra?n« a t 72% 37 *&•
0Run 5. leomerlsation produet » of ayeloootatstrM ne a t 0  , 53 *&•
if Argon flew ra te  in  lal./a in .
fable 2.
Gas-liquid ohromaiegr&phie analysis.











&pt 7* 23.4 25.5 34.2
Baa 8 . 4 4.7 5.3
Baa 3«- ' 33
Baa 10. 23.4 0.97 26*6 0.̂ 5 31.7 o*77 40.9 2 '■
ftaaun *̂4RUB U » - - - - 30.5 - - -
Run 12. 23.6 - - - - - - m
Bun 23* «a - - - - 36.9 -
Rim 24. - - 25.2 0.65 29.4 o*76 30.8 X
Run 15. 24.8 0.53 26.8 0.64 32.5 0.78 41.7 1
Rim 16. 15.5 0.62 26.2 0.65 19.4 0*78 24.8 2
Run 27* 15.6 0.62 16.3 0.65 19.6 0.78 25.2 1
Run 18. 14.1 0.62 '9k - 27.8 0.73 12.8 1
Ban l? . 13.7 0.61 14.6 0.66 27.3 o.77 22.4 1
Run 6. Debydrobrejaination product of 1, 2# % 6- tetrabroaouyolooetana M 10^ Apl. a t  7%% 43 ■&»
Run 7* As above en 1 0  squalane a t 71% 38 ml.
Ron 8 . As above on silicon® grease a t ?X% 43 ml*
Run $m As above on 20/t eilvor nitrate/triathylfcne glycol a t 71°, 43 d .
Run 10* As above an 2f$ Apl. a t 67°s 43 d .
Ron 31* styrene on 2% Apl. a t 68% 43 ml.
Run 12. Cyeloeetatetram© on 2&  A p l. at 67°. 43 ml.
©
Run 13. 8enaecydoeutens ©a 10,' Apl« a t 72 * 23 nil.
Run 14. ^©l^drabsrominatioa product plus styrene on 2% Apl. a t 68°, its «a.
Run 15« Dohydrobremination product plus cyclooctatetraene on 25$ Apl. a t 67% 43 e l.
Run 16, Isoaarlsatlen product G of uycleoatatotraane on 10$ Apl. a t 74% 35 *1.
Run 17. As above plus b®ris© «y debut sne on 10$ Apl. a t 74° $ 35 al*
Run 18. As above plus oydoootatotraene on 20$ Apl. a t 73?» 34 a l.
0Run 13. As above plus isoaerisation product Q on 10$ Apl. a t 71 * 3® ®1*
TabljLj.
Gae-liquld ohron&tegraphle analyses on 10$ Ajdesea 'L».
w  m  m  (27) (i)
ly  $ Rf  Area \  f \  Area A  ̂ $  Area Â  $ R  ̂Area Â  $
Ron 20. 20.3 0.55 X 0.29 5.8 -  -  -  -  26.1 0.71 l  0.19 5.8 31.2 0.85 101 .8? 57.8 36.7 15.3 1 30.7
Bun 2*. - - - ................................................. - - - ...................................... # .9  - - -
Run 22. 27.3 0.52 t ..............................................     23.7 0.71 - -  -  27.7 0.83 -  -  -  33.3 -  -  - -  -
Ren 23. 35 0.55 5.00.16 7»o 38.2 o.6o 28.2 0.57 25.2 43.8 0.69 6.0 0.19 8.4 52.3 0.83 11 0.35 15.3 63.2 1 31.6 1 44.1
Run 24. 33*5 O.56* - - - - - - 60. - - -
Run 25* - ■ - * - - - - • - - - - - 57*3 - -
Run 26. 30 0.56 - - 32.8 0.61 - 37.5 0.70 . . .  44.7 0.83 - - - 53.7 1 * -
Bun 20. Hydrogenated product A (from the dehydrobrorsinatlen of 1, 2, % 6- tetoabreaooyeleoetane) at 72°, 25 a l. 
Ban 21. Bensocyoletnatene at 72% 23 a l.
0
Run 22. Benzoeyolobutena plus hydrogenated product A at 72 * 22 a l.
Run 23. Hydrogenated product D (from the iecnerisation of C.O.T. j at 70% 16 a l.
Run 24. E ttyl bensene a t 70% 17 «1.
Run 25. Benaooyelobuten* at 70% 17 ml.
Run 26. Hydrogenated product D plus ethylbenzene plus berusooyolobuteae a t 7®% 18 a l.
#
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IN T R O D U C T IO N
The chief interests In the catalytic hydrogenation o f 
acetylenes are the selectivity of the process, and in the case 
o f disubstituted acetylenes, the stereochemical course o f the 
reaction* I t  is th is  l a t t e r  phenomenon which is  important to  
this part o f  th e  th e s is *
In  an a t te m p t  to  reach  a b e t t e r  u n ders tand ing  of th e
l
p rocesses involved in h e terogeneous  c a ta ly s is , F a rk a s  and F a rk a s  
in 1937 re v iew ed  th e  s te re o c h e m is try  o f  th e  hydrog en ation  o f  th e  
C~C > t r ip le  and double bonds* O th e r  re v ie w s  dealing w ith  a s p ec ts
of this problem  have since been compiled by C am pbell,2 .B leyf
ty 5 6 7
G ro m b ie , T ra p n e ll, ».-<ond, and B u r  w ell*
F o r  many y e a rs  i t  was th o u g h t t h a t  hydrog en ation  o f  a
8, % to3 11
d is u b s titu te d  a c e ty le n e  gave exclusively th e  c ia -o le fin *
H o w e v e r , as exam ples o f  hydrogenations  giving isom eric  c is , t r a n s —
12, 13
m ix tu re s  began to  a p p e a r, ideas w e re  a lte re d  and various
explanations w e re  p u t fo rw a rd  to  acco unt f o r  th e  fo rm a tio n  o f
Ik
t r a n s - o le fin * S alk ind  found t h a t ,  in th e  h ydrog en ation  o f  
1, 1, k$ k ~ te tra m e th y ib u t—2—yne-1 , 4—diol w ith  colloidal palladium , 
th e  am ount o f  c is -o le fin  p re s e n t was p ro p o rtio n a l to  th e  r a t e  o f  
hydrogen u p ta ke* f ie  considered t h a t  th e  am ount o f  c a ta ly s t  
used was im p o rta n t in d e te rm in in g  th e  re la t iv e  p ro p o rtio n s  o f  cis
and t r a n s - isom ers  fo rm e d * B ourguel suggested t h a t  th e  
p rim e  p ro d u c t in any c a ta ly t ic  h ydrog en ation  o f  a  d is u b s titu te d  
a c e ty le n e  w as a lw ays  th e  c is -o le f  in * and t h a t  th is  m ight undergo  
s te reo c h em ic a l conversion to  th e  t r a n a  in th e  p resen ce  o f  th e  
hydrog en ation  c a ta ly s t*  Such a conversion would be fa v o u re d  
by a slow  hydrogenation  v e lo c ity  th u s  explaining Salkind*s re s u lts *  
T h is  p rem ise  could, h o w e v e r , n o t be estab lished*
A c tu a lly , many compounds re p o r te d  to  be p u re  cis m ust
15 16
h ave been m ix tu re s  because, b e fo re  th e  a d v e n t o f  s p e c tro ­
scopic and chrom atograph ic  te c h n iq u es , analysis  o f  isom eric  c is * 
t r a n s -m ix tu re s  re lie d  upon iso la tio n  techn iq ues* M any p ro d u c ts  
th o u g h t to  be p u re  cis have now been shown to  con ta in  5~2Q% o f
15 1̂3 17th e  tra n s -is o m e r*  ' T h u s  S on dheim er has found t h a t  h a lf—
hydrog en ation  o f  h e x -3 -y n o l w ith  5% palladium  on calcium c a rb o n a te  
gives an 80s 20 c is * t r a n s - m ix tu re  *
In  some cases th e  t r a n s - iso m er is d e fin ite ly  fo rm e d  by 
is o m erisa tio n  a f t e r  re a c t io n . C a d io t has d e m o n s tra te d  t h a t  
in th e  hydrogenation  o f  1, 1, 4 ,  4 - te t r a p h e n y lb u t -2 -y n e - l ,  4 -d io l, 
although red u c tio n  s to p s  sharp ly  a t  th e  o le fin ic  s ta g e , th e  c a ta ly s t  
continues to  c a ta ly s e  th e  re a rra n g e m e n t o f  cis to  t r a n s - glycol*
In  th e  case o f  ace ty len es  devoid o f  ad ja cen t s u b s titu e n ts  which  
m ight in te r a c t  during th e  h yd ro g en atio n , th e r e  is ,  h o w e v e r , no 
conclusive evidence as to  w h e th e r  th e  observed  tr a n s -o le f in  is an
1Z2
in it ia l p ro d u c t o f  th e  re a c tio n  o r ,  w h e th e r  i t  is fo rm e d  by
ssom erisation o f  th e  c is -o le f  in •
A lth o u g h  th is  cis to  t r a n s  Iso m e ris a tio n  is m echan istica lly
v e ry  im p o r ta n t , th e  problem  has only re ce ive d  ex ten s iv e  a t te n t io n
In th e  fie ld  o f  u n s a tu ra te d  f a t t y  acid© w h e re  i t  is  techn ica lly
im po rtan t®  Feuge and his colleagues have found t h a t  in th e
hydrog en ation  of methyl oleate a t  2 0 0 ° w ith  n ick e l, th e r e  is  p re s e n t
3 8 # o f  the t r a n s - e s te r  a t  10# hydrogenation to  m eth y l s te a ra te ®
B eyond ab o u t 50# re d u c tio n , th e  cis and t r a n s  form ©  a re  in
equilibrium  (1 *2 ) • X f th e  hydrogen is  rep laced  by n itro g e n  th e
am ount o f  cis to  t r a n s  iso m erisa tio n  is g re a t ly  re d u c e d , b u t occurs
so
a t  a  reasonab le r a t e  at 290°»  The same re d u c tio n  also ta k e s
place o v e r  p latinum  black a t  170° and again in th e  absence o f
n ,  22, 25
hydrogen th e  ra t©  is v e ry  much reduced* T h is  may be a
case o f  th e  w e ll-kn o w n  high te m p e ra tu re  iso m e ris a tio n  o f  o le fin s  
o v e r  n ickel and i t  is d o u b tfu l i f  i t  would o ccu r o v e r palladium a t  
room  te m p e ra tu re *
Young and his co—w o rk e rs  have examined th e  re d u c tio n
o f  butad iene o v e r 5% palladium on barium  su lphate  and found t h a t  
a f t e r  ca* 70$ hydrogenation  th e  p ro d u c t co n s is ts  o f  5% b u t - l -e n e ,  
75# t r a n s -  and 20$ c is -b u t-2 -e n e  which is in re m a rk ab le  ag re em e n t 
w ith  th e  equilibrium m ix tu re  expected  fro m  therm odynam ic  
co n s id e ra tio n s . T h e  p ro d u c t com position depends on th e  c a ta ly s t ,
e *g * colloidal palladium and platinum  alone give 50—70$ o f
b u t-l-@ n e , b u t th e  t r a n s - iso in e r  s t il l  p red o m in ate s  in th e
cis—tr a n s  m ix tu re *  T h e  is o m erisa tio n  is l i t t l e  a f f e c te d  by
te m p e r a tu r e , and does n o t o ccu r in th e  absence o f  hydrogen*
25
S im ila r ly , S ieg e l has shown t h a t  iso m e ris a tio n  o f  various  
d im eth y l cyclohexenes o v e r p latinum  oxide does n o t o ccu r in th e  
absence o f  hydrogen* T h u s  th e r e  is a  m easure  o f  a g re e m e n t in
t h a t  th e s e  iso m erisa tio n  e f f e c t s  a re  dependent on th e  hydrogen
25 , 26 p re s s u re  and te m p e ra tu re *
L .arge am ounts o f  t ra n s - is o m e r  have been encoun tered  by
27L o e v ' in th e  hydrogenation  o f  c h lo ro d o d ec-7 -yn e  w ith  10$ palladium
on charco al o r  5$ palladium on calcium c a rb o n a te * T h e  same
re d u c tio n  using U n d ia r  c a ta ly s t  gave s u b s ta n tia lly  p u re  c is -o le fin *
A  p a r t ic u la r ly  good exam ple o f  th e  anom alies p re s e n t in th e
28hydrogenation  l i t e r a tu r e  is provided o y  B ls n e r and F a u lt  th e y  
claim ed spectro scop ica lly  p u r e  c is—octadecen es  by hydrog en ation  o f  
all th e  possible octadecynes o v e r  palladium on s ta rc h *
T h e re  is an a lm o s t .in fin ite  v a r ie ty  o f  c a ta ly s t ,  c a ta ly s t  
c o n c e n tra tio n , s u p p o rt, s o lv e n t, te m p e ra tu re  and hydrogen p re s s u re  
described  In th e  l i t e r a tu r e  and , a t  th e  p re s e n t t im e , i t  does n o t  
seem fe a s ib le  to  e lu c id a te , fro m  t h a t  s o u rc e , th e  fa c to r s  involved  
in th e  c ie - t ra n s  iso m erisa tio n  o f  o le fin s  produced by c a ta ly t ic  
hydrogenation  o f  ac ety len es * T h e  question  rem ains as to  w h e th e r  






































































































































































c Mi (crtt) ̂ cH C.H
D IS C U S S IO N
T h e  p re s e n t w o rk **  is a co n tin u atio n  o f  t h a t  o f  Dobson J® 
B g lin to n 9 K ris n a m u rti**  and R ap hael* T h e y  found t h a t  a  
surprisingly high am ount ( c a » 50$) o f  trans*-undec-*4--ene { I V ) 
was produced fro m  undeca-1, 7~diene ( I I I )  during th e  s te p -w is e  
c a ta ly t ic  hydrogenation  o f  u n d e c a -i, 7«*diyne ( I )  to  undecane.
O ne obvious explanation o f  th e s e  re s u lts  involve©
s te re o  m u ta tio n  o f  in itia lly  fo rm e d  cis—undec—4-"©ne a t  th e  c a ta ly s t
s u r fa c e *  T h is  simple idea has been d iscounted  in th e  p a s t^  ^
in v ie w  o f  th e  findings t h a t  c is—ethy lenes  did n o t undergo
s te re o m u ta tio n  in  c o n ta c t w ith  th e  c a ta ly s t  alone u n d er th e s e
conditions* T h is  p o in t has been confirm ed  in th e  p re s e n t case
by th e  o b serva tio n  t h a t  no s te re o m u ta tio n  o c c u rre d  when a so lu tion
o f  cis—undec-4~©ne w as shaken in an a tm o s p h e re  o f  a ir  o r  n itro g e n
w ith  pa llad ium -charco al c a ta ly s t  suspended in cyclohexane and derived
in th e  fo llow ing  wayss u n tre a te d ?  pr© h yd ro g en ated ; used in itia lly
in a sim ple hydrogenation# H o w e v e r , i t  w as found t h a t
s te re o m u ta tio n  did o ccu r when th e  sam e m ix tu re  w as a g ita te d  in an
2*4, 25
a tm o s p h e re  o f  hyd ro g en . T h is  could be shown in a p a r t ic u la r ly  
s tr ik in g  m anner when th e  am ount o f  c a ta ly s t  used w as reduced to  
such an e x te n t  t h a t  v ir tu a lly  no hydrog en ation  o f  th e  double bond 
o c c u rre d * In  such c ircu m stan ces  s u b s ta n tia lly  p u re  cis—undec- 4 —one 
w as tra n s fo rm e d  in one ho ur a t  room  te m p e ra tu re  in to  a m ix tu re
cis -  cMfoge-^-4?*»£ f  cA%€ *^t)
a© 63 f  © %
WTMbcfc4
AbStKf’Ttori
contain ing ca* 70% o f  th e  tra n s -is o m e r  ( ta b le  I ,  case a ) ,  a t  which
p o in t no f u r t h e r  s te re o m u ta tio n  seem ed to  o ccu r (case s  a and b) •
T h is  p e rc en ta g e  o f  cis and t ra n s  isom ers  is su rp ris in g ly  s im ilar to
24th o s e  quoted by Young both f o r  ex p e rim e n ta l (70%  hydrogenation  
o f  butad iene to  cis and t r a n s -b u t - 2 - e n e ) , and by therm odynam ic  
calculations o f  th e  isom eric  c o n te n t o f  such an equilibrium  m ix tu re *
In  an a t te m p t  to  see i f  th is  re p re s e n te d  a t r u e  equilibrium  
va lu e , th e s e  sam e minimal c a ta ly s t  s te re o m u ta tio n  conditions w e re  
t r ie d  on p u re  t r a n s - u n d e c -lf-e n e ; m o st surpris in g ly  one mole o f  
hydrogen w as absorbed w ith  such ra p id ity  t h a t  no a c c u ra te  e s tim a te  
o f  th e  isom er p ro p o rtio n s  w as possible (c a se  £ )  • T h e s e  re s u lts  
would c e rta in ly  seem to  in d ica te  n o t only t h a t  th e  p u re  t ra n s -is o m e r  
undergoes hydrogenation  much m ore rap id ly  th a n  th e  cis b u t also  
t h a t  in m ix tu re s  o f  th e  tw o  th e  c is - isom er p re fe re n t ia l ly  occupies 
th e  hydrogenation  s ite s  and th u s  inh ib its  hydrogenation  o f  th e  t r a n s * 
T h is  la t t e r  phenomenon would acco u n t f o r  th e  inhibition o f  
hydrogenation  o f  th e  t r a n s - ric h  m ix tu re  which had oeen obtained by 
s te re o m u ta tio n , under conditions in which re ad y  hydrogenation  o f  th e  
p u re  t r a n s - isom er o ccu rred  (cases  a ,  £ ,  c )  • When s u ff ic ie n t  
c a ta ly s t  w as used to  overcom e th e  poisoning e f f e c t  o f  th e  c is - isom er 
hydrogenation  and iso m erisa tio n  proceeded side oy side* In  th is  
case a p lo t o f  th e  hydrogen u p ta k e  ag a in s t p e rc en tag e  t r a n s - isom er  
( f ig *  1) c lea rly  .i llu s tra te d  th e  co m p etitio n  b e tw e en  cis to  tra n s
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s te re o m u ta tio n  and hydrogenation  , and ag reed  w ith  th e  above  
suggestion o f  m ore rap id  hydrog en ation  o f  th e  t r a n s - is o m e r.
I t  also suggests th e  possib ility  t h a t  th e  c is - iso m er is  n o t i t s e l f  
h yd ro g en ated  b u t is  f i r s t  isom erised  to  th e  t ra n s  and th e n  is  
red u ced .
When th e  above low  c a ta ly s t  c o n c e n tra tio n  conditions w e re
applied to  su b s tan tia lly  p u re  c is -u n d eca -1 , 7 -d ien e  ( I I I ) ,  p re p a red
by Ib ind lar red u c tio n  o f  I ,  hydrogenation  o f  th e  te rm in a l double
bond proceeded fa ir ly  rapid ly  w ith  c o n c u rre n t s u b s ta n tia l
s te re o m u ta tio n  ( 79%) o f  th e  c e n tra l double bond (s e e  E x p e rim e n ta l) .
Bine© th e  above w o rk  w as co m p le ted , a  num ber o f  papers
have appeared  in th e  l i t e r a tu r e *  A lth o u g h  m o st o f  th e s e  a re
concerned w ith  th e  mechanisms o f  hydrog en ation  o f  e th y le n e ,
a c e ty le n e  o r  th e ir  d e u te ra te d  d e r iv a tiv e s  s e v e ra l a re  re la te d  to
th e  above w o rk * T h e  observed dependence o f  th e  re la t iv e  r a te s
o f  hydrogenation  o f  cis and t r a n s  isom ers  on c a ta ly s t  co n c e n tra tio n
33 3Uhas been f u r t h e r  supported  by H arw o o d  and N ag y* A
35S ig n ifican t paper by ^Japanese w o rk e rs , previously  overlooked , 
describes  th e  s e le c tiv ity  o f  palladium c a ta ly s ts  in th e  hydrogenation  
o f  cis and tra n s  -  u n s a tu ra te d  f a t t y  ac id s . T h e y  have shown th a t  
cis and t r a n s —isom ers  a re  hydrog en ated  a t  d i f f e r e n t  r a te s  
depending on th e  c a ta ly s t  c o n c e n tra tio n ,
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( b) th e  speed o f  hydrogenation  is n o t a lin e a r fu n c tio n  o f  
c a ta ly s t  c o n c e n tra tio n ,
( c )  th e r e  Is a lw ays  an am ount o f  c a ta ly s t  w ith  which th e
cis—m o d ifica tio n  is  m ore quickly s a tu r a te d , and th e r e  is also 
an am ount w ith  which th e  t ra n s - is o m e r  is m o re  quickly  
s a tu r a te d ,
(d )  th e  minimum r a t e  o f  hydrog en ation  o f  th e  t r a n s - isom er a lw ays
occurs w ith  a sm alle r c a ta ly s t  c o n c e n tra tio n  th a n  t h a t  o f  th e
cis* T h e s e  re s u lts  c o lla b o ra te  o u r “w o rk*
36
B eilin  zona and B e t t in e t t i  have c a rr ie d  o u t s te re o m u ta tio n  
stu d ies  on c ia -s tllb en e  and c is -cinnamic acid using a w ide range o f  
c a ta ly s ts , su p p o rts  and s o lven ts * T h e ir  re s u lts  c o n firm  o u r  
findings t h a t  as th e  c a ta ly s t  c o n c e n tra tio n  is decreased  th e  am ount 
o f  s te re o m u ta tio n  in c re a s e s , and th e r e  is  no s te re o m u ta tio n  in th e  
absence o f  hydrogen*
12 Q
C O N C L U B I  O N
O a r  w o r k  h a s  s h o w n  t h a t ,  u n d e r  c o n d it io n s  n o rm a lly  u s e d  
b y  o rg a n ic  c h e m is ts  f o r  t h e  h y d r o g e n a t io n  o f  a c e t y le n e s ,  n a m e ly  
r a r e  m e ta l  c a t a ly s t s  o n  i n e r t  s u p p o r ts  s u s p e n d e d  in  i n e r t  s o lv e n ts ,
t h e  o le f in lc  p ro d u c t contains am ounts o f  t r a n s - iso m er produced by  
s t e r e o m u t a t io n  o f  th e  in itia lly  fo rm e d  c ia - o le f in * T h e  a m o u n t o f
t r a n a - ls o m er in  t h e  f in a l p ro d u c t is dependent on th e  c a ta ly s t  
c o n c e n tra tio n  and in creases  w ith  decreas in g  c o n c e n tra tio n *
■ T h e  r a t e  o f  hydrogenation  o f  t r a n s -o le f in  is much g r e a te r  
th a n  t h a t  o f  I t s  c is —Is o m e r, th e  l a t t e r  a p p a re n tly  poisoning th e  
c a ta ly s t  to  t ra n s  h yd ro g en atio n • In  th e  hydrog en ation  o f  a  
c ia -o le fin  th e r e  is  c o n c u rre n t h ydrog en ation  and s te re o m u ta tio n *  
T h e  r a t e  w ill th e r e fo r e  depend on th e  c a ta ly s t  c o n c e n tra tio n  and 
w ill in crease  i f  s u f f ic ie n t  c a ta ly s t  is p re s e n t to  o f f s e t  th e  
poisoning e f f e c t  o f  th e  cis on th e  t ra n s - is o m e r*
—  A U K * * * *  f in  w M irn r i n m m n r n
T h e  h y d ro g e n a t io n —s t e r e o m u t a t io n  behaviour r e v e a le d  e v e n  
b y  t h e  a b o v e  re la tiv e ly  crude  s tu d y  is c o m p le x  a n d  w o u ld  c e r t a in ly  
m e r i t  a  p h y s ic o -c h e m ic a l in v e s t ig a t io n  in v o lv in g  r ig id ly -s ta n d a r d is e d  
q u a n t i t a t iv e  m e a s u re m  e n ts  •
U n d e c - 4 ~ y n e  w a s  p r e p a r e d  b y  t h e  g e n e ra l m e th o d  f o r  s u b s t i t u t e d  
a c e ty le n e s  • ̂  T h u s  r e a c t io n  o f  n -p r o p y l  io d id e  (18*7  g * , 0*11 m o l * )  
w it h  t h e  d iso d iu m  s a l t  o f  o c t - l —y n e ,  f r o m  t h e  a c e ty le n e  (11 g * ,
0 *1  m o l* ) and sodium ( 2 * 5  g * , 0*11 m o l* )  in  liquid a m m o n ia  (100 m l * )  
gave u n d e c -4 -y n e  as a  colourless oil ( 6 * 8  g * , 4 5$ )>  b .p *  8 0 - 8 3 ° /
14 mra* f n ^  1*4377*
C is -u n d  e c -4—®ne* U ndec—4—yne (4 * 0 2 8  g * , 0 . 0 2 6  m o l*) in
cyclohexane (50  m i# ) ,  contain ing a  t r a c e  o f  quinoline, w as
|8. 39
hydrog en ated  o v e r B in d la r c a ta ly s t  (4 6 7  mg*) .*  T h e
hydrogen u p ta k e  w as 600 ml# (R e q u ire d  593 m l * ) *  T h e  m ix tu re  
w a s  f i l t e r e d ,  washed successively w ith  d ilu te  h y d ro c h lo r ic  ac id , 
w a t e r  and dried  o v e r magnesium su lp h ate* D is t i l la t io n  gave  
c ls - u n d e c -4 - e n e as a  colourless oil ( 3 * 6  g * , 9 0 $ ) ,  b *p *  8 0 - 8 2 ° /
14 m m * ,  n ^  1*4297#
p>
T r a n s - t m d e e - 4 - o n e *  T h e  s ta n d a rd  sodium—liquid a m m o n ia  
p r o c e d u r e  f o r  th e  re d u c tio n  o f  th e  b ila te ra lly  s u b s t i t u t e d  
a c e ty le n ic  lin k a g e  fu r n is h e d  w i t h  u n d e c -4 - y n e  ( 6 * 1  g * f 0 * 0 4  m o l * )  
t r a n s - u n d e c -4 - e n e  ( 5 * 5  g * ,  9 0 % ) ,  b . p *  1 0 5 -1 0 6 ° /5 1  m m * ,  n  
1 *4 2 7 3 *
B  te re o m a ta tio n  B xp erim  e n ts .
T h e s e  exp erim en ts  w e re  c a rr ie d  o u t in a conventional 
hydrog en ation  a p p a ra tu s  using a f la s k  (250 m l * )  f i t t e d  w ith  a 
side arm  c a rry in g  a serum  cap* C yelohexane w as used as s o lv e n t
g|0
and B a k e r  10$ pa llad ium -charco al as c a ta ly s t*  A liq u o ts  (5  m l* )  
w e re  rem oved a t  in te rv a ls  by means o f  a  hypoderm ic sy rin g e , 
f i l t e r e d  th ro u g h  c e lite  and th e  in te n s ity  o f  th e  t r a n s —band a t  
968 cm"^ m easured using a Unlearn B P  130 p ria m —g ra tin g  In f r a r e d  
s p e c tro p h o to m e te r*  A  s ta n d a rd  solu tion o f  p u rs  tra n s ~ u n d e c -4 -e n e  
absorbed a t  cydoihexane 9 s& Cm“ l ,  “  12 cm -1 , £  -  124 .AiicaLX 2
( i )  S u b s ta n tia lly  p u re  cis-undec~4-@ ne (490 m g . )  in cyelohexane  
(3 9  m l* )  w as shaken in an a tm o s p h e re  o f  n itro g e n  and a ir  w ith  
p re -h y d ro g e n a ts d  c a ta ly s t  (4 3  n ig*)  f o r  t w o  h o u rs* N o  
s te re o  m u ta tio n  w as observed* A  s im ila r re s u lt  w as obtained in 
an e x a c tly  s im ilar exp erim en t using c a ta ly s t  which had ju s t  been 
used in a  hydrogenation  (o c t - l -y n e  to  o c t - l - e n e ) *
( i i )  T h e  re s u lts  in ta b le  1 w e re  ob ta ined  using th e  fo llow ing  
conditions*
C a s e  (a )  CJndec~4—ene ( I V )  (9 0 5  m g * )  in cyelohexane (30  m l* )  
using 10$ c a ta ly s t  (22  m g . )
C as e  (b )  U n d e c -4 -e n e  ( I V )  (990  m g*)  in cyelohexane (h 2  m l* )
using c a ta ly s t  (17 m g . )
C as e  (c )  Undec*~4~ene ( I V )  (1036 mg.*) in cyelohexane ( 3 5  m l* )  
using c a ta ly s t  (2 2  m g* )
C as e  (d ) U n d e c -4 -e n e  ( I V )  (1524 m g * )  in dyclohexane (3 2  m l* )  
using c a ta ly s t  (128 m g * ) .
(1H) H yd ro g en a tio n  o f  su b s ta n tia lly  pur® cls~dndeea~i, 7~diene 
( I I I )  (1194 m g * )  in cyelohexane )3 5  ml«)  using c a ta ly s t  (2 7  rag*)  
re s u lte d  in c o n c u rre n t hydrog en ation  o f  th e  te rm in a l double bond 
and s te re o m u ta tio n  o f  th e  c e n tra l double bond as show n by th e  
fo llow ing  ta b le *
T im e  (m in ) 0 17 2? 43 72
m o lar hydrogen 0  0 * 3 2  0 * 5  1*0  U 2 5
a b s o rp tio n
^ to ethyl-** 11 6 3  79 7 6  g ^ 7 5
ene p ro d u c t
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